Historic,  Archive  Document 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


Report  of  ft  a. 

jj  J > p a p p j ,* •»  j i p p ^ p y 

FIFTY  - THIRD  ANNUAL 

DATE  GROWER  S ’*  INST  IT  UT  E 

m 


VOLUME  53 

PUBLISHED  BY  THE  DATE  GROWERS'  INSTITUTE 


1976 


The  DATE  GROWERS’  INSTITUTE  is  the  official  educational  or- 
ganization of  the  date  industry.  Its  purpose  is  the  dissemination  of 
information  on  date  growing,  handling,  marketing  and  research.  The 
Institute  was  organized  in  1924  and  is  supported  by  membership  dues 
and  sale  of  the  annual  reports  of  meetings.  Membership  is  open  to 
individuals  or  companies  interested  in  the  purposes  of  the  Institute. 
Members  in  the  categories  listed  below  receive  the  Annual  Report  as 
part  of  their  dues.  The  current  annual  dues  are: 


Friends $50.00 

Company  membership $25.00 

Individual  membership $10.00 

Annual  Report 

Members,  extra  copies $ 3.50 

Non-members $10.00 

Complete  set,  Vol.  1-53 $84.00 


Payment  for  membership  and  for  the  Annual  Report  must  be  in  U.S. 
dollars.  The  Institute  is  not  prepared  to  handle  either  proforma  invoices 
or  foreign  exchange.  Prices  for  the  Annual  Report  are  subject  to  change 
without  notice.  Information  on  membership  or  the  purchase  of  annual 
reports  may  be  obtained  from: 

EARL  H.  ASKER 

CALIFORNIA  DATE  ADMINISTRATIVE  COMMITTEE 
81-855  HIGHWAY  111 
INDIO,  CALIFORNIA  92201 

Publication  in  the  DATE  GROWERS’  INSTITUTE  ANNUAL  REPORT 
is  restricted  to  reports  presented  at  a meeting  of  the  DATE  GROWERS’ 
INSTITUTE.  Authors,  or  the  institutions  which  they  represent,  will  be 
charged  for  cuts  by  the  printer. 

Manuscripts  must  be  written  concisely  to  avoid  unnecessary  cost  of 
publication.  They  should  be  carefully  reviewed  by  two  colleagues  and 
revised  before  submission  for  publication.  In  the  preparation  of  manu- 
scripts, authors  should  be  guided  by  the  CBE  Style  Manual,  Third 
Edition,  1972.  American  Institute  of  Biological  Sciences,  3900 
Wisconsin  Avenue  NW,  Washington,  D.C.  20016. 

Manuscripts  and  inquiries  concerning  publication  should  be  sent  to  the 
editor: 


J.B.  CARPENTER 
U.S.  DATE  AND  CITRUS  STATION 
44-455  CLINTON  STREET 
INDIO,  CALIFORNIA  92201 

THE  1975  DATE  GROWERS’  INSTITUTE  COMMITTEE: 


MRS.  T.R.  BROWN 
T.R.  BROWN 
H.L.  CAVANAUGH 
J.F.  DAVIES 
J.R.  FURR 
JOHN  KECK 
GEORGE  LEACH 


D.H.  MITCHELL 

R.W.  NIXON 

L.  SWINGLE 

J.B.  CARPENTER 

DEAN  D.  HALSEY,  Chairman 

Farm  Advisor,  University  of  California 

Agricultural  Extension  Service 


FIFTY  - THIRD  ANNUAL 


DATE  GROWERS  INSTITUTE 

Held  in 

COACHELLA  VALLEY,  CALIFORNIA 

May  21,  1976 


TABLE  OF  CONTENTS 

a 


CHAIRMAN:  John  E.  Keck,  Alamo  Ranch,  Inc.,  Indio,  California 

ROYW.  NIXON 3 

Donald  H.  Mitchell 

LETHAL  YELLOWING:  A POTENTIAL  DANGER 

TO  DATE  PRODUCTION 4 

R.  E.  McCoy,  D.  L.  Thomas  and  J.  H.  Tsai 

CHANGES  IN  QUALITY  OF  FIELD  RUN  DATES  UNDER  VARIOUS 

COMBINATIONS  OF  OUTDOOR  AND  REFRIGERATED  STORAGE 9 

S.  M.  Norman,  L.G.  Houck,  D.  C.  Fouse,  J.  W.  Snider, 

P.  F.  Burkner,  R.  M.  Perkins  and  P.  A.  Nash 

APPLICATION  OF  NEAR-INFRARED  MOISTURE 

ANALYSIS  TO  DATES 18 

S.  M.  Norman  and  D.  C.  Fouse 

METAXENIA  EFFECT  OF  POLLEN  FROM  INBRED  MALE  PALMS 

ON  RIPENING  PERIOD  AND  SIZE  OF  DATE  FRUIT 21 

C.  L.  Ream 

THE  POLLEN  HUSTLERS:  COOPERATIVE  OWNERSHIP  AND 

EXTRACTION  OF  DATE  POLLEN 23 

Paul  J.  Codekas 

DATE  PALM  BREEDING,  A REVIEW 25 

J.  B.  Carpenter  and  C.  L.  Ream 

MEMBERSHIP  ROLL,  1976  34 


ROY  W.  NIXON 


Donald  H.  Mitchell 
President, 

Coachella  Valley  Fruit  Company 
50280  Calhoun  Street 
Coachella,  California  92236 


Perhaps  no  individual  has  been  more  closely  identified  with  the  California  Date  Industry  than 
Roy  W.  Nixon.  From  his  arrival  in  the  Coachella  Valley  in  1923  until  his  death  in  1976,  his  professional  life 
centered  around  date  palms. 

His  bulletin  “Date  Growing  in  the  United  States”  has  been  in  general  use  in  all  of  the  date  growing 
areas  of  the  world.  Its  revision  to  reflect  currently  practiced  cultural  operations  was  his  major  task  during 
his  last  year  of  activity. 

In  his  early  years  at  the  U.  S.  Date  and  Citrus  Station,  one  of  Roy’s  most  interesting  assignments 
was  the  identification  of  date  varieties,  in  which  he  cooperated  with  W.  T.  Swingle,  S.  C.  Mason  and  others. 
Later,  one  of  his  important  activities  was  date  breeding  in  collaboration  with  J.  R.  Furr. 

At  one  time  students  from  foreign  countries  were  accommodated  at  the  Station  and  much  of  their 
instruction  was  the  responsibility  of  Roy  Nixon.  Extensive  visits  to  Iraq,  Saudi  Arabia,  Egypt,  Sudan, 
Tunisia,  Algeria,  Morocco,  Spain  and  Mexico  were  made.  Friendly,  cooperative  relationships  were  estab- 
lished with  date  growers,  scientists  and  government  officials  of  those  countries. 

Roy  collected  most  of  the  available  publications  and  literature  citations  on  date  culture  up  to 
1965,  and  conserved  the  collections  of  his  predecessors  at  the  Station.  As  a result,  the  U.  S.  Date  and  Citrus 
Station  probably  has  the  world’s  finest  single  collection  of  date  literature. 

One  of  Roy’s  foreign  contacts  expressed  the  sentiment  of  a vast  number  of  his  friends  in  a letter 
that  I received  recently  and  from  which  I quote:  “I  am  deeply  sorry  to  read  about  the  late  Mr.  Roy  Nixon, 
who  was  the  greatest  date  scientist  and  a foremost  honest  human  being.” 

A remarkable  and  well  deserved  tribute! 
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LETHAL  YELLOWING:  A POTENTIAL  DANGER 
TO  DATE  PRODUCTION 

R.  E.  McCoy,  D.  L.  Thomas,  J.  H.  Tsai 

Assistant  Professors,  University  of  Florida  Agricultural  Research  Center, 

3205  S.  IA/.  College  Avenue,  Fort  Lauderdale,  Florida  33314. 

Florida  Agricultural  Experiment  Station  Journal  Series  No.  9093. 


ABSTRACT 

Lethal  yellowing  is  a fast  spreading, 
destructive  disease  of  coconut  palm 
that  is  believed  to  affect  a number  of 
other  palm  species  including  Phoenix 
dactylifera.  This  disease  is  present  in 
Florida,  the  West  Indies  and  possibly 
the  west  coast  of  Africa,  Symptoms 
include  fruit  loss  and  inflQrescence 
necrosis,  followed  by  death  of  the 
entire  crown  within  3 to  6 months. 
Observation  of  the  phloem  of  declin- 
ing palms  by  electron  microscopy 
reveals  the  presence  of  mycoplasma- 
like organisms.  These  organisms  are 
presumably  transmitted  from  tree-to- 
tree  by  a piercing-sucking  insect, 
probably  a leafhopper.  However,  a 
vector  has  not  yet  been  found. 
Suggested  control  measures  include 
quarantine  of  the  infested  areas, 
removal  of  diseased  palms,  planting 
of  resistant  varieties,  and  treatment 
with  tetracycline  antibiotics. 

Date  Growers’  Inst.  Rep.  53:4 


Lethal  yellowing  (LY)  is  a devastating 
disease  of  coconut  palm  ( Cocus  nucifera 
L.),  that  was  first  reported  on  the  Carib- 
bean island  of  Jamaica  at  about  the  turn 
of  the  century  (2).  LY  has  decimated 
coconut  production  in  Jamaica  (Fig.  1) 
and  has  spread  to  Hispaniola,  Cuba, 
Nassau  and  other  islands  of  the  West 
Indies.  The  disease  was  found  in  Key 
West,  Florida  in  1955  where  15,0C)0 
coconut  palms  were  killed  over  a 7 year 
period.  LY  appeared  in  Miami,  Florida  in 
1971  and  has  killed  more  than  80%  of  the 
350,000  coconut  palms  in  the  greater 
Miami  area  in  the  succeeding  4.5  years 
(8). 


The  Kaincope  disease  of  coconut  palm 
in  Togo,  West  Africa  is  identical  to  LY 
in  symptomology  and  therapeutic  re- 
sponse. It  is  likely  that  tins  disease  and 
LY  are  coidentical  (8,  12).  If  so,  the 
distribution  and  worldwide  significance 
of  LY  are  greatly  extended. 

When  LY  became  established  on  the 
Florida  mainland,  a new  phenomenon  of 
paramount  importance  was  observed. 
Several  other  species  of  palms  were  noted 
to  be  declining  and  dying  in  areas  where 
LY  was  actively  spreading  in  coconut 
palms  (13,  14).  The  suspected  causal 
agent  of  LY  was  also  observed  in  these 
declining  species.  The  suspected  host  list 
has  been  expanded  (Table  1)  and  now 
includes  the  date  palm,  Phoenix  dac- 
tylifera L.  (Fig.  2),  as  well  as  P.  canarien- 
sis  Hort.  ex  Chab.  (Fig  3),  and  P.  reclin- 
ata  Jacq.  (10,  18). 

SYMPTOMOLOGY 

The  symptoms  of  LY  in  coconut,  as  the 
name  implies,  consist  of  a rapid,  general- 
ized chlorosis  followed  by  death  of  the 
palm,  usually  within  a 4 month  period. 
Prior  to  the  development  of  yellowing 
symptoms,  developing  fruit  drops  from 
the  tree  and  new  inflorescences  become 
necrotic,  even  before  the  opening  of  the 
spathe.  Most  of  the  fallen  fruit  have  a 
grey  to  black,  water-soaked  discoloration 
at  the  stem  end.  Yellowing  begins  at  the 
tips  of  the  fronds  and  moves  toward  the 
frond  bases.  The  older  fronds  within  the 
crown  are  the  first  to  become  yellow.  The 
yellowing  extends  upwards  through  the 
crown  from  old  to  young  fronds.  In  the 
dates  and  some  other  species  of  palm,  the 
fronds  do  not  become  yellow,  but  rather 
become  desiccated  and  gray-brown,  the 
older  fronds  again  being  affected  first. 
Fruit  loss  and  inflorescence  necrosis  also 
occur  in  date  palms. 


When  approximately  half  of  the  crown 
has  become  yellowed  or  necrotic,  the 
folded  spear  or  bud  leaf  will  often  be- 
come necrotic.  A soft  rot  then  extends 
down  the  spear  and  into  the  bud  shaft, 
eventually  reducing  the  meristematic  area 
to  a putrid,  slimy  mass.  Death  of  the  rest 
of  the  crown  follows  rapidly.  The  crown 
soon  topples  from  the  stem,  leaving  a 
naked  trunk. 


ETIOLOGY 

A common  factor  observed  in  all  declin- 
ing palm  species  listed  in  Table  1,  along 
with  similar  symptom  expression,  is  the 
presence  of  mycoplasmalike  organisms 
(MLO)  within  the  sieve  tubes  of  the 
affected  trees  (Fig.  4).  The  MLO,  which 
are  present  only  in  the  phloem  tissues  of 
the  diseased  palms,  are  the  suspected 
causal  agents.  Mycoplasmas  are  the  small- 
est of  all  known  cellular  organisms.  They 
are  simpler  than  bacteria^  have  no  cell 
wall,  and  have  only  a delicate  membrane 
surrounding  their  cytoplasm.  Currently, 
mycoplasmas  or  mycoplasmalike  organ- 
isms are  known  to  cause,  or  to  be  associ- 
ated with  more  than  100  plant  diseases. 
The  term  mycoplasmalike  is  used  when 
these  organisms  have  been  observed  by 
electronmicroscopy,  but  have  not  been 
isolated  and  grown  in  pure  culture. 
Attempts  to  isolate  the  LY  organism  are 
underway  in  both  Florida  and  Jamaica. 

MODE  OF  SPREAD 

The  mechanism  of  spread  of  LYhas  not 
been  determined,  although  it  is  the  belief 
of  many  researchers  that  the  LY  patho- 
gen has  been  transported  around  the  West 
Indies  and  Florida  by  wind-borne  arthro- 
pod vectors.  The  only  known  means  of 
natural  transmission  of  MLO’s  in  other 
plants  has  been  by  leafhoppers  and 
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psyllids.  This  is  a plausible  method  since 
these  insects  feed  by  piercing  the  phloem 
cells  of  plants  and  sucking  out  the  sieve 
tube  sap.  If  the  plant  on  which  the  insects 
are  feeding  is  infected  by  an  MLO,  the 
insects  will  pick  up  the  organisms  and 
become  infected  themselves.  The  MLO’s 
are  later  transmitted  to  the  sieve  tubes  of 
other  plants  when  the  insects  feed  on 
them. 

Extensive  transmission  experiments 
have  been  carried  out  in  Jamaica  with 
white  flies,  flatid  and  fulgorid  plant- 
hoppers,  tingid  bugs,  and  gall  mites  (1,3, 
5).  Other  tests  with  the  planthoppers 
Haplaxiuscrudus  (Van  Duzee),  Antillixius 
spp.,  two  species  of  Omolicna,  Colpoptera 
elevans  (Walker),  Psenoflata  brevis  (Van 
Duzee),  and  Ceratophis  variabilis  (Hille 
Rjs  Lambers)  were  made  in  Jamaica  (16). 
No  specific  transmissions  of  LY  have  been 
reported. 

Rotary  flight  nets  within  palm  plantings 
and  sticky  traps  within  palm  crowns  have 
been  employed  to  study  the  insect  fauna 
present  in  coconut  palms  in  South 
Florida.  Emphasis  was  placed  on  sampling 
the  homopteran  insects  belonging  to  the 
Suborder  Auchenorrhyncha.  From  this 
survey,  the  following  planthoppers  and 
leafhoppers  have  been  selected  as  the 
primary  suspect  vectors  to  be  used  in 
transmission  attempts:  Haplaxius  crudus 
(Van  Duzee),  Chlorotettix  spp.,  Balclutha 
spp.,  Graminella  spp.,  Empoasca  spp., 
Delphacodes  spp.,  Agallia  constricta  (Van 
Duzee),  Idioderma  virescens  (Van  Duzee), 
Pintalia  spp.,  Bothriocerna  spp.,  Protale- 
brella  brasiliensis  (Baker),  Planicephalus 
flavicosta  (Stal). 

CONTROL 

Attempts  to  contain  or  slow  the  spread 
of  LY  in  Florida  have  been  based  on  an 
integrated  program  involving  removal  of 
diseased  palms  in  areas  where  the  disease 
is  advancing;  protection  of  healthy  palms 
and  therapeutic  treatment  of  diseased 
palms  with  the  antibiotic,  oxytetracy- 
cline-HCl;  quarantine  of  all  affected 
counties;  and  replanting  with  non-sus- 
ceptible  types  of  palms  (10).  Vector 
control  is  another  possible  avenue  for  LY 
control;  however,  no  feasible  control  may 
be  aimed  at  the  vector  until  the  target 
insect  is  known. 

The  removal  of  diseased  palms  was  the 


first  line  of  defense  against  LY  in  Florida 
until  development  of  the  antibiotic  treat- 
ment. Some  twelve  thousand  diseased 
palms  were  removed  early  in  the  epidemic 
in  Florida  in  an  effort  to  slow  the  spread 
of  disease  by  the  reduction  of  inoculum 
(10).  Cutting  diseased  palms  did  not  stop 
the  spread  of  LY  in  either  Florida  (8)  or 
Jamaica  (15).  However,  although  no 
quantitative  measurements  were  recorded 
it  is  certain  that  the  cutting  program  did 
retard  the  spread  of  LY  somewhat. 

Treatment  of  palms  with  oxytetracy- 
cline  is  a recently  approved  control 
measure  that  is  presently  available  for 
both  coconut  and  pritchardia  palms  in 
Florida  (6).  This  treatment  is  used  both 
therapeutically  in  diseased  palms  prior  to 
the  development  of  extensive  symptoms 
(7),  and  as  a protectant  for  healthy  palms 
(9).  It  is  generally  established  fact  that 
mycoplasmas  are  sensitive  to  this  type  of 
antibiotic  (17).  A Florida  Department  of 
Agriculture  and  Consumer  Services  Pro- 
gram of  treating  healthy  palms  surround- 
ing new  cases  of  disease  in  areas  of  low 
LY  incidence  has  effectively  depressed 
disease  spread  for  16  months  in  five 
counties.  A test  to  determine  the  protec- 
tive action  of  oxytetracycline  in  the 
Canary  Island  date  palm  is  currently 
underway.  No  data  are  available  on  the 
efficacy  of  antibiotic  treatment  in  Phoe- 
nix dactylifera. 

To  curb  the  inadvertent  spread  of  LY 
by  man,  the  State  of  Florida  has  imple- 
mented a quarantine  on  all  infested 
counties  to  stop  the  shipment  of  suscept- 
ible palms  out  of  the  affected  areas.  In 
addition,  Texas,  Hawaii,  California  and 
Louisiana  have  all  enacted  quarantines 
against  the  shipment  of  susceptible  palm 
species  from  Florida  into  their  states.  The 
spread  of  LY  in  nature  is  extremely  fast, 
so  particular  precautions  should  be  taken 
to  prevent  the  movement  of  affected 
trees  to  areas  free  of  LY. 

The  major  factor  for  LY  control  in 
coconut  is  the  planting  of  the  resistant 
‘ Malayan  Dwarf’  cultivar.  The  Malayan 
Dwarf  coconut  palm  is  highly  resistant  to 
LY  and  is  being  widely  planted  in  both 
Jamaica  and  Florida  (4,  11).  Hybrids 
between  Malayan  Dwarf  and  other  coco- 
nut cultivars  also  have  a high  degree  of 
resistance  to  LY  (4).  The  degree  of  sus- 
ceptibility of  resistance  of  various  date 
cultivars  to  this  disease  is  unknown. 


DISCUSSION 

The  current  state  of  knowledge  about 
lethal  yellowing  in  coconut  palm  is  very 
sketchy,  and  much  less  is  known  about 
the  lethal  declines  of  date  and  other 
palms  that  are  associated  with  lethal 
yellowing.  In  all  cases,  the  disease  acts 
rapidly,  killing  the  affected  palm  in  about 
4 months.  Tree-to-tree  spread  is  rapid  and 
nearly  always  affects  100%  of  the  sus- 
ceptible palms  in  any  infested  area. 
Symptom  development  is  similar  in  all 
species  and  all  affected  palms  have  myco- 
plasmalike organisms  present  in  their 
sieve  tubes.  In  addition,  six  species 
tested  have  all  responded  to  oxytetra- 
cycline treatment.  The  evidence  thus  far 
accumulated  indicates  that  lethal  yellow- 
ing attacks  not  only  coconut  palm,  but 
also  the  other  species  listed  in  Table  1 . 
The  causal  agent  is  believed  to  be  a myco- 
plasma, but  this  has  not  been  proved.  The 
organism  must  be  isolated  in  pure  culture 
and  then  used  to  reproduce  the  disease 
after  inoculation  in  order  to  prove 
pathogenicity. 

The  chances  of  lethal  yellowing  spread- 
ing from  Florida  to  the  Southwestern 
USA  have  been  lessened  considerably  by 
instituting  a quarantine  on  Florida  palms. 
The  potential  danger  of  LY  to  date  pro- 
duction in  Africa  is  real  if  the  Kaincope 
disease  proves  to  be  coidentical  with  LY. 
A priority  research  effort  should  be  made 
to  determine  if  Kaincope  is  identical  to 
LY  and  whether  or  not  it  can  attack  date 
palms. 

Judging  from  experience  with  other 
diseases  of  mycoplasmalike  etiology,  the 
vector  is  probably  a piercing-sucking 
insect  such  as  a leafhopper.  However,  the 
vector  of  lethal  yellowing  is,  as  yet, 
unknown.  Since  the  vector  of  LY  is 
probably  a flying  insect,  it  would  also  be 
important  to  determine  the  identity  of 
insects  on  date  palm  that  could  be 
potential  vectors,  especially  members  of 
the  Cicadellidae.  If  LY  were  to  appear  in 
a date  production  area,  a control  program 
might  be  instituted  against  these  insects. 
The  infected  trees  should  be  removed  and 
the  fusibility  should  be  explored  of  anti- 
biotic treatment  of  palms  in  a 100  yard 
circle  around  the  infection,  site,  as  suc- 
cessfully used  in  Florida. 

Another  priority  area  of  research  would 
be  the  screening  of  various  date  cultivars 
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for  resistance  to  LY.  This  would  have  to 
be  done  in  an  LY  infested  area,  but  could 
be  of  inestimable  value  to  future  date 
production.  LY  resistance  has  been  found 
in  the  coconut  palm  and  is  being  fully 
exploited  in  both  Florida  and  Jamaica. 
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Table 

1.  List  of  declining  palms  in  South 
plasmalike  organisms  and  placed 
quarantine 

Florida  infected  with  myco- 
under  the  lethal  yellowing 

Scientific  Name 

Common  Name 

1. 

Cocos  nucifera  L. 

Coconut  - all  varieties  in- 
cluding Malayan  Dwarf 

2. 

Veitchia  merrillii  (Becc.)  H.E.  Moore 

Adonidia  or  Christmas  palm 

3. 

Pritchardia  pacifica  Seem.  & H.  Wendl. 

Fiji  fan  palm 

4. 

Pritchardia  thurstonii  F.  Muell.  8<  Drude 

5. 

Arikuryroba  schizophylla  (Mart.)  Bailey 

Arikury  palm 

6. 

Corypha  spp. 

Talipot  palm 

7. 

Phoenix  reclinata  Jacq. 

Senegal  date  palm 

8. 

Phoenix  canariensis  Hort.  ex  Chab. 

Canary  Island  date  palm 

9. 

Phoenix  dactylifera  L. 

Date  palm 

10. 

Trachycarpus  fortunei  (Hook.)  Wendt. 

Windmill  palm 

11. 

Mascarena  verschaffeltii  (Wendl.) 
Bailey 

Spindle  palm 

12. 

Caryota  mitis  Lour. 

Cluster  fish-tail  palm 

13. 

Borassus  f label  1 ifer  L. 

Palmyra  palm 

14. 

Chrysalidocarpus  cabadae  H.E.  Moore 

Cabada  palm 

15. 

Dictyosperma  album  (Bory) 
H.  Wendl.  & Drude 

Hurricane  or  Princess  palm 

16. 

Latania  spp. 

17. 

Arenga  engleri  Becc. 
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Figure  1.  Coconut  plantation  destroyed  by  lethal  yellowing  in  Jamaica. 


Figure  2.  Lethal  decline  of  Phoenix  dactylifera  in  Florida.  This  disease  is  believed  to 
be  caused  by  the  lethal  yellowing  pathogen. 


Figure  3.  Phoenix  canariensis  affected  by  lethal  decline  (left),  healthy  (right),  in 
Florida. 


Figure  4.  Mycoplasmalike  organisms  within  a phloem  sieve  tube  in  a declining 
Phoenix  palm. 
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ABSTRACT 

Early-,  mid-,  and  late-season  Deglet 
Noor  dates  were  stored  0-5  mo  out- 
doors then  moved  to  cold  storage  for 
7-12  mo  to  determine  optimum 
storage  conditions  for  dates.  After  5 
mo  outdoors  and  7 mo  in  cold 
storage,  57%  of  early-season,  64%  of 
mid-season,  and  25%  of  late-season 
dates  were  marketable  as  fresh  fruit. 
We  concluded  from  visual  observa- 
tions that  outdoor  storage  of  dates 
should  be  kept  to  a minimum  if 
optimum  color  and  quality  are  to  be 
maintained.  Soluble  pigment  content 
of  dates  increased  in  all  treatments 
and  the  rate  of  increase  generally 
progressed  with  storage  time  out- 
doors. Changes  were  not  consistent 
in  moisture  content  or  shear-force 
measurements.  Sucrose  inverted  to 
fructose  and  glucose  only  in  dates 
held  outdoors  5 mo. 

Three  storage  grades  of  mid-season 
Deglet  Noor  dates  were  stored  12  mo 
at  -3,  2,  and  4°  C.  in  conventional 
open  and  polyethylene-lined  bins.  We 
concluded  from  visual  observations  of 
the  dates  that  storage  in  lined  bins 
was  beneficial  to  dry  grades,  but  not 
to  moist  grades  of  dates.  Soluble  pig- 
ment content  increased  in  the  dates  in 
all  storage  treatments.  Differences 
were  not  significant  between  dates  in 
lined  and  unlined  bins  for  either  sugar 
or  shear-force  measurements. 

Date  Growers’  Inst.  Rep.  53:9 

1 Mention  of  a proprietary  pro- 
duct in  this  paper  does  not  constitute 
a recommendation  or  an  endorse- 
ment of  the  product  by  the  U.  S. 
Department  of  Agriculture. 


The  effects  of  storage  conditions  on 
quality  of  ‘Deglet  Noor’  dates  were 
studied  in  two  12-mo  tests  to  help  define 
optimum  storage  conditions.  Changes  in 
quality  of  dates  during  storage  were 
reviewed  by  Rygg  (4).  Because  of  mech- 
anical harvesting  and  fewer  picks  per 
season,  more  dates  of  different  stages  of 
maturity  and  dryness  reach  the  packing- 
house today  than  previously. 

The  first  test  was  a study  of  changes  in 
date  quality  of  54  bins  of  ungraded 
early-,  mid-,  and  late-season  harvested 
dates  under  actual  commercial  conditions 
of  refrigerated  storage  and  a combination 
of  outdoor  and  refrigerated  storage.  Each 
bin  contained  about  450  kg  of  dates.  The 
second  test  was  designed  to  compare  the 
quality  of  18  bins  of  three  storage  grades 
of  dates  (waxy,  No.  1 dry,  and  No.  2 dry) 
refrigerated  in  polyethylene-lined  and 
conventional  unlined  bins.  We  now  report 
the  changes  found  in  USDA  grades, 
texture,  and  in  moisture,  pigment,  and 
sugar  content  during  the  tests. 

MATERIALS  AND  METHODS 

All  procedures  and  methods  of  analyses 
were  described  in  a preliminary  report 
(3). 

Statistical  analyses  — A computer  pro- 
gram for  multiple  regression  analysis  was 
used.  The  independent  variable  (X)  was 
the  number  of  months  since  harvest  and 
the  dependent  variable  (Y)  was  either 
grade,  texture,  moisture,  pigment,  or 
sugar  content.  For  each  Y variable,  the 
computer  selected  a best  fit  equation  by 
use  of  one  or  all  of  the  X variables  from 
the  equation  Y = a + bX  + cX-  + dX^.  A 
significant  F value  was  used  to  determine 
whether  to  enter  each  X variable  into' the 


equation. 

In  certain  cases  the  data  indicated  no 
differences  between  storage  temperature, 
storage  grade,  nor  early-,  mid-,  and  late- 
season  dates.  Covariance  analyses  were 
run  to  determine  whether  there  were 
significant  differences  between  the  slopes 
of  the  lines  or  the  adjusted  means.  If 
there  were  no  differences,  the  groups 
were  combined  and  statistically  con- 
sidered to  be  from  a single  population.  A 
new  equation  was  then  generated  for  the 
combined  data. 

RESULTS  AND  DISCUSSION 

STORAGE  TEST  No.l 

Of  18  bins  each  of  ungraded  early-, 
mid-,  and  late-season  Deglet  Noor  dates, 
3 bins  were  held  outdoors  for  each  time 
(0-5  mo);  one  bin  from  each  time  out- 
doors was  moved  to  cold  storage  -at  -3, 
2,  and  4°C.  Total  number  of  bins  was  54. 
Total  time  of  storage  (six  combinations 
of  outdoor  plus  cold  storage)  was  12  mo. 
Each  harvest  was  from  a different  garden. 
Hereafter,  only  the  months  of  storage 
outdoors  will  be  referred  to;  i.  e.,  dates 
held  outdoors  0,  1,2,  3,  4,  and  5 mo 
were  in  cold  storage  12,  11,  10,  9,  8 and 
7 mo,  respectively,  to  complete  the  12- 
mo  storage  period. 

Grading  — In  commercial  practice,  dates 
are  sampled  and  graded  at  harvest  by 
USDA  graders  to  determine  the  price  to 
be  paid  to  the  grower.  For-  this  test, 
USDA  graders  graded  samples  from  each 
bin  each  month.  At  harvest,  early-  and 
mid-season  dates  were  mostly  No.  1 and 
No.  2 dry  grades  (Fig.  1),  and  average 
moisture  contents  of  early-  and  mid- 
season dates  were  15.2  and  14.3%  re- 
spectively. Late-season  fruit  were  mostly 
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natural,  waxy,  and  No.  1 dry  grades  at 
harvest;  average  moisture  content  was 
17.8%.  Part  of  the  diversity  of  grades 
among  harvests  was  attributed  to  vari- 
ability in  quality  and  in  production  of 
each  garden.  After  0 mo  outdoors  (12 
mo  in  cold  storage),  early-  and  mid-, 
season  dates  increased  in  No.  1 dry; 
late-season  dates  increased  in  natural  and 
waxy  grades.  After  5 mo  outdoors, 
early-season  dates  were  slightly  higher, 
and  mid-season  dates  slightly  lower,  in 
No.  1 dry  grades  than  dates  held  outdoors 
0 mo;  late-season  dates  were  slightly 
higher  in  natural  and  lower  in  waxy 
grades  than  dates  held  outdoors  0 mo.  In 
dates  from  all  harvests,  green  and  moist 
fruit  were  converted  to  other  grades  and 
the  per  cent  of  culls  decreased  slightly 
during  storage.  We  had  expected  that 
grading  would  show  a decrease  in  quality 
of  dates  during  storage,  but  it  did  not. 
Uniformity  of  color  within  each  lot  was 
noted  during  grading,  but  browning 
associated  with  deterioration  during  stor- 
age was  not  a part  of  this  grading. 

At  the  end  of  the  test  all  bins  of  dates 
(each  bin  contained  270-320  kg  of  dates) 
were  graded  in  the  packinghouse.  This 
grading  differed  from  the  USDA  grading 
in  that  the  dates  were  divided  according 
to  potential  use  in  marketing;  grading 
is  biased  by. the  particular  packinghouse 
and  its  marketing  procedures.  Grades  and 
potential  markets  are  as  follows: 

Waxy  fruit  — waxy  appearance,  clear  or 
almost  transparent  and  have  a soft 
wrinkle;  are  generally  hydrated  and 
used  as  whole  fruit  for  the  domestic 
market. 

High  No.  1 dry  fruit  — a harder  wrinkle, 
less  transparent,  less  waxy  in  appear- 
ance, and  generally  smaller  than 
waxy  grades;  are  hydrated  and 
pitted  for  the  domestic  market. 

Low  No.  1 dry  fruit  — opaque,  dull  in 
appearance,  usually  'have  dry  stem 
ends,  and  usually  smaller  than  high 
No.  1 dry  grade;  are  hydrated  and 
used  for  the  whole  fruit  export 
market. 

Product  fruit  — very  dry,  small,  and 
have  a lower  ratio  of  tissue  to  pit 
than  the  other  grades;  cannot  be 
hydrated  into  a marketable  date  and 
are  dried  further  and  used  for  dry 
byproducts  such  as  granules  for  cake 
and  cookie  mixes. 


Cull  fruit  — are  used  to  make  edible 
date  syrup  or  occasionally  used  for 
livestock  feed. 

After  12  mo,  51-62%  of  early-season 
dates  were  marketable  as  whole  fruit  and 
34-45%  as  products  (Table  1).  In  mid- 
season dates,  84-87%  were  marketable  as 
whole  fruit  after  0-2  mo,  and  64-87% 
after  3-5  mo.  In  late-season  dates,  85-89% 
were  marketable  as  whole  fruit  after  0-1 
mo,  53%  after  2 mo,  and  5-29%  after  3-5 
mo  outdoors.  This  grading  at  the  packing- 
house reflected,  better  than  the  USDA 
grading,  the  deterioration  that  took  place 
during  storage. 

Moisture  content  — Moisture  content 
apparently  increased  during  the  first  5 mo 
(3),  but  this  trend  did  not  continue  for  all 
treatments.  Moisture  content  increased  in 
dates  held  0 and  5 mo,  decreased  in  those 
held  4 mo,  and  decreased  and  then  in- 
creased, in  those  held  2 and  3 mo  out- 
doors. Moisture  content  for  all  grades  and 
harvests  of  dates  did  not  differ  signifi- 
cantly and  data  were  combined;  trends 
could  not  be  established. 

Monthly  moisture  contents  of  dates  in 
three  bins  held  in  cold  storage  12  mo 
varied  as  much  as  4-5  percentage  points. 
This  variation  was  attributed  to  sampling 
(2).  At  first  all  the  bins  were  sampled 
with  a standard  bin  sampler.  After  5 mo, 
all  the  bins  were  Sampled  by  hand,  either 
because  the  partially  empty  bins  did  not 
dump  in  the  bin  sampler  or  the  dates 
became  too  sticky  to  fall  freely  from  the 
bins.  It  was  difficult  to  obtain*  by  hand 
representative  samples  from  the  bins. 

Pigment  content  — The  amount  of 
soluble  pigment  in  dates  indicates  the 
relative  darkening  associated  with  storage 
even  though  it  is  not  directly  related  to 
visual  evaluation  of  darkness  in  dates.  All 
grades  of  dates  from  all  harvests  had  in- 
creased in  pigment  content  during  the 
first  5 mo  (3)  and  this  trend  continued. 
Differences  were  not  significant  among 
groups  and  data  were  combined  for  all 
grades  of  dates  and  for  the  three  cold 
storage  temperatures.  Soluble  pigment 
contents  increased  1.5,  2,  and  4 mg/g  in 
early-season  dates  (Fig.  2);  1.5,  2,  and  5 
mg/g  in  mid-season  dates  (Fig.  3);  and  2, 
4,  and  7 mg/g  in  late-season  dates  (Fig  4) 
during  storage  outdoors  0,  3,  and  5 mo, 
respectively.  After  12-mo,  soluble  pig- 
ment content  was  higher  in  late-  than 
early-  and  mid -season  dates. 


Sugar  content  — At  harvest,  early-,  mid- 
and  late-season  dates  contained  56-58, 
54-58,  and  59-62%  sucrose  on  a dry  wt 
basis.  Little  change  in  sucrose  content 
was  apparent  after  5 mo  (3).  This  trend 
continued  for  all  treatments  except  for 
dates  held  outdoors  5 mo  in  which  20% 
of  the  sucrose  inverted  (Fig.  5)  to  fruc- 
tose and  glucose  (Fig.  6).  Data  did  not 
differ  significantly  among  grades  of  dates 
and  temperatures,  and  were  combined. 
The  ratios  of  sucrose  to  fructose  and 
glucose  in  fruit  stored  outdoors  0,  1,2, 
3,  4,  and  5 mo  were  2.7,  2.6,  2.3,  2.7, 
2.1,  and  1.4,  respectively,  after  12  mo. 
Crystalline  sucrose  in  date  tissue,  known 
as  “sugar-wall,”  sometimes  forms  during 
storage.  Except  for  the  dates  (5  mo)  that 
inverted  during  storage,  all  were  prone  to 
“sugar-wall”  since  these  ratios  are  2.1  or 
greater  (1,  5).  In  dates  that  had  been  out- 
doors 4 mo  or  more,  sugar  wall  began  to 
appear  after  5 and  10  mo  in  late-  and 
mid-season  fruit,  respectively. 

Textural  changes  — Shear  force  values 
(kg/date)  appeared  to  decrease  during  the 
first  months  of  storage  (3)  and  remained 
nearly  constant  for  the  rest  of  the  storage 
test,  regardless  of  treatment.  Shear  force 
values  at  1,2,  and  12  mo  were  19,  13, 
and  12  for  early-season  dates;  15,  12,  and 
11  for  mid -season  dates;  and  14,  11,  and 
10  kg/date  for  late-season  dates,  respec- 
tively. 

Visual  observations  — The  dates,  parti- 
cularly late-season,  darkened  progressive- 
ly as  storage  time  outdoors  lengthened. 
Late-season  dates  held  outdoors  5 mo 
were  a very  dark  red -brown.  Natural  dates 
were  darker  than  waxy,  waxy  darker  than 
No.  1 dry,  and  No.  1 dry  darker  than 
N.  2 dry. 

Early-season  dates  remained  dry  and 
loose  during  the  storage  test,  mid-season 
dates  became  somewhat  sticky,  and  late- 
season  dates  became  very  sticky  and  diffi- 
cult to  sample.  We  concluded  from  visual 
observations  of  all  the  treatments  that  if 
the  optimum  color  of  dates,  particularly 
of  moist  dates,  is  to  be  maintained,  fruit 
should  not  be  stored  outdoors  more  than 
1 mo. 

STORAGE  TEST  NO.  2 

Of  6 bins  each  of  three  storage  grades 
of  mid-season  Deglet  Noor  dates,  1 
polyethlene -lined  and  1 conventional 
unlined  bin  were  stored  at  -3,  2,  and 
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4°C.  Total  number  of  bins  was  18.  Total 
time  of  storage  was  12  mo.  The  three 
storage  grades,  waxy,  No  1 dry,  and  No  2 
dry,  are  hereafter  called  grades  A,  B,  and 
C,  respectively. 

USDA  grading  — After  5 mo,  consistent 
trends  in  grade  content  were  not  apparent 
(3).  Grades  did  not  differ  significantly 
for  dates  at  the  three  temperatures  so 
data  were  combined  (Fig.  7).  During 
storage,  grade  A,  mostly  natural  and 
waxy  fruit  at  harvest,  increased  in  No.  1 
dry  fruit;  grade  B,  mostly  No  1 dry  fruit 
at  harvest,  increased  in  waxy  fruit; 
grade  C,  mostly  No.  1 dry  fruit  at  harvest, 
increased  in  No.  1 dry  fruit.  After  storage, 
unlined  bins  contained  less  natural  and 
waxy  fruit  and  more  No.  1 dry  fruit  than 
lined  bins. 

Moisture  content  — During  storage, 
moisture  content  of  dates  decreased  in 
all  three  grades  in  lined  and  unlined  bins 
(Fig.  8).  Slight  and  inconsistent  changes 
were  reported  earlier  (3).  According  to 
analysis  of  covariance,  moisture  content 
of  waxy  fruit  from  grade  A was  signifi- 
cantly higher  when  stored  in  unlined  than 
in  lined  bins.  Moisture  content  did  not 
differ  between  lined  and  unlined  bins  of 
grade  B and  C,  and  the  data  were  com- 
bined. 

Pigment  content  — Soluble  pigment 
content  had  increased  during  the  first  4 
mo  of  storage  (3)  and  continued  to  in- 
crease in  dates  of  all  three  grades  stored 
in  both  lined  and  unlined  bins  (Fig  9). 
According  to  analysis  of  covariance, 
No.  1 dry  dates  of  grade  B were  signifi- 
cantly higher  in  soluble  pigment  content 
When  stored  in  unlined  than  in  lined  bins. 
Soluble  pigment  content  did  not  differ 
significantly  for  dates  of  grades  A and  C 
stored  in  lined  and  unlined  bins,  and  the 
data  were  combined.  Soluble  pigment 
content  increased  in  No.  2 dry  fruit  of 
grade  C more  than  in  the  other  fruit. 
Pigment  content  of  dates  increased  2-3 
mg/g  in  test  2 and  1.5-2  mg/g  in  test  1. 

Sugar  content  — The  sugar  content  of 
dates  during  the  first  4 mo  changed  little 
(3)  and  this  trend  continued,  except  for 
grade  A.  In  the  natural  and  waxy  dates  in 
Grade  A,  some  sucrose  (6-10%)  inverted, 
during  storage,  to  fructose  and  glucose. 
Before  and  after  storage  No.  1 and  No.  2 
dry  dates  were  lower  in  fructose  and  glu- 
cose and  higher  in  sucrose  than  the 
natural  and  waxy  fruit  (Table  2.)  Sugar 


contents  of  dates  in  lined  and  unlined 
bins  did  not  differ  significantly  and  the 
data  were  combined. 

Textural  quality  — Consistent  trends 
could  not  be  determined  after  5 mo  when 
the  progress  report  was  made  (3).  Peak 
shear  forces  (kg/date)  were:  for  waxy 
dates  of  grade  A,  7 at  harvest  and  1 1 and 
9 after  storage  in  unlined  and  lined  bins, 
respectively;  for  No.  1 dry  dates  of 
grade  B,  8 at  harvest  and  9 after  storage 
in  unlined  and  lined  bins;  for  No.  1 dry 
and  No.  2 dry  dates  of  grade  C,  10  and  13 
after  storage  in  unlined  and  lined  bins, 
respectively.  Shear  force  showed  neither 
changes  in  textural  quality  of  dates 
during  storage  nor  consistent  differences 
between  dates  in  unlined  and  lined  bins. 

Visual  observations  — Most  of  the  dates 
became  sticky  and  stuck  together  during 
storage.  Dates  in  lined  bins  were  generally 
stickier  than  those  in  unlined  bins.  The 
dates  in  the  lined  bin  of  grade  A held  at 
4°  C.  were  particularly  sticky. 

Grade  A fruit  held  at  -3°C.  were  visibly 
darker  in  unlined  than  in  the  lined  bin. 
For  grade  A dates  held  at  4°  C.,  color  was 
lightest  in  the  unlined  bin.  For  grade  B 
dates,  color  was  slightly  lighter  in  unlined 
than  in  lined  bins,  except  for  dates  held 
at  4°  C. 

We  concluded  from  visual  observations 
of  all  the  treated  dates  that,  under  our 
conditions,  lined  bins  were  beneficial  for 
dry  grades  of  dates  and  detrimental  to 
moist  grades  of  dates.  Dates  might  not 
have  become  sticky  if  they  had  not  been 
washed  when  graded  for  storage. 


SUMMARY 

In  test  1,  54  bins  of  early-,  mid-,  and 
late-season  Deglet  Noor  dates  were  stored 
outdoors,  then  moved  to  cold  storage. 
According  to  USDA  grading,  early-  and 
mid-season  dates  increased  in  No.  1 dry 
grade  fruit  during  the  12  mo  storage  and 
late-season  dates  increased  in  natural  and 
waxy  grade  fruit.  At  the  end  of  the  test, 
51-62%  of  the  early-season  dates  were 
marketable  as  whole  fruit,  regardless  of 
storage  treatment.  After  0-2  mo  storage 
outdoors,  84-87%  of  mid-season  dates 
were  marketable  as  whole  fruit;  con- 
tinued storage  outdoors  for  3-5  mo 
decreased  marketable  whole  fruit  to  64- 


78%.  When  held  outdoors  1 mo  and 
"1 1 mo  in  cold  storage,  or  in  cold  storage 
12  mo,  85-89%  of  late-season  dates  were 
marketable  as  whole  fruit;  continued 
storage  outdoors  decreased  marketable 
whole  fruit  to  as  low  as  5%. 

Consistent  trends  in  moisture  content 
were  not  established  when  dates  were 
held  either  for  12  mo  in  cold  storage  or 
up  to  5 mo  outdoors  followed  by  cold 
storage.  Shear  force  values  decreased 
slightly  during  the  first  2 mo  of  storage 
and  remained  nearly  constant  for  the  rest 
of  the  test,  regardless  of  treatment. 
Sugar  content  remained  fairly  constant 
in  all  treatments  except  those  held  out- 
doors 5 mo  in  which  20%  of  the  sucrose 
inverted  to  fructose  and  glucose. 

Soluble  pigment  content,  the  main 
chemical  measurement  that  showed  deter- 
ioration of  dates  with  storage,  increased 
in  all  treatments,  including  cold  storage, 
and  the  rate  of  change  generally  increased 
progressively  with  storage  time  outdoors. 
We  concluded  from  the  tests  and  visual 
observations  of  all  treatments,  that  out- 
door storage  of  dates  should  be  kept  to  a 
minimum  if  optimum  color  and  quality 
are  to  be  maintained.  None  of  our  chemi- 
cal tests  indicated  the  extent  of  deteriora- 
tion in  dates  that  was  observed  visually. 
New,  sensitive  tests  are  needed  to  meas- 
ure quality  changes  in  dates  during 
storage. 

In  test  2,  18  bins,  containing  three 
storage  grades  of  mid-season  Deglet  Noor 
dates  in  conventional  open  and  in  poly- 
ethylene-lined bins  were  stored  for  12  mo 
at  -3,  2,  and  4°  C.  After  storage,  dates  of 
all  grades  were  lower  in  natural  and  waxy 
and  higher  in  No.  1 dry  grades  of  fruit  in 
unlined  than  in  lined  bins.  Soluble  pig- 
ment content  increased  in  dates  in  all 
storage  treatments.  Soluble  pigment 
content  was  significantly  higher  in  No.  1 
dry  dates  of  grade  B in  unlined  than  in 
lined  bins.  Some  of  the  sucrose  inverted 
to  fructose  and  glucose  in  natural  and 
waxy  dates  in  grade  A,  but  sugars  did  not 
significantly  differ  between  dates  in 
unlined  and  lined  bins.  Shear  force 
measurements  neither  changed  much 
during  storage  nor  showed  differences 
between  dates  in  unlined  and  lined  bins. 
We  concluded  from  the  tests  and  visual 
observations  of  the  dates  that  storage  in 
lined  bins  was  beneficial  to  the  dry  grades 
but  not  to  moist  grades  of  dates. 
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Table  1. 

Grades  of  dates3  found  by  packinghouse  grading  of  early-,  mid-,  and  late-season  Deglet  Noor  dates  of  Test  1 
stored  0 - 5 mo  outdoors  followed  by  7 - 12  mo  in  cold  storage 

Seaspn 

Grade 

0 

1 

Months  in  storage  outdoors 
2 3 4 

5 

% 

% 

% 

% 

% 

% 

Early 

High  No.  1 Dry 

17 

15 

14 

9 

13 

11 

Low  No.  1 Dry 

45 

45 

40 

42 

41 

46 

Total  marketable  as  whole  fruit 

62 

60 

54 

51 

54 

57 

Products 

34 

37 

42 

45 

41 

40 

Culls 

4 

3 

4 

4 

5 

3 

Mid 

Waxy 

0 

0 

0 

0 

1 

0 

High  No.  1 Dry 

40 

45 

55 

18 

10 

7 

Low  No.  1 Dry 

44 

39 

32 

60 

62 

57 

Total  marketable  as  whole  fruit 

84 

84 

87 

78 

73 

64 

Products 

13 

12 

11 

20 

26 

33 

Culls 

3 

4 

2 

3 

1 

3 

Late 

Waxy 

33 

17 

20 

6 

1 

7 

High  No.  1 Dry 

47 

55 

31 

17 

4 

17 

Low  No.  1 Dry 

9 

13 

2 

6 

0 

1 

Total  marketable  as  whole  fruit 

89 

85 

53 

29 

5 

25 

Products 

5 

6 

35 

59 

84 

49 

Culls 

6 

7 

12 

12 

11 

26 

aValues  represent  the  average  of  3 bins  of  dates  and  are  expressed  in  % by  wt. 
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Table  2. 

Sugar  content3  of  natural,  waxy.  No.  1 dry,  and  No.  2 dry  dates  from  three  storage  grades  of  dates  of  Test  2 

L 

before  and  after  12  mo  storage  at  -3  to  4°C  in  unlined  and  polyethylene-lined  bins0 

Storage 

grade 

USDA 

grade 

At  harvest 

After  storage  12  mo 

Fructose 

Glucose 

Sucrose 

Fructose 

Glucose 

Sucrose 

% 

% 

% 

% 

% 

% 

"A" 

Natural 

12.7-1.5 

14.6-0.7 

55-  1 0 

18.0±1.1 

18.3±1.0 

50±2 

Waxy 

12.0-0.7 

13.6-  1.1 

53-  5 

1 7.2—  1 .2 

17.5-1.1 

50-  3 

"B" 

No.  1 Dry 

9.9±0.8 

10. 6^  0.9 

58-  2 

11.5-1.2 

11.9-1.4 

60-  3 

"C" 

No.  1 Dry 

10.1  — 0.6 

11.1  — 0.6 

58±2 

11.9±2.3 

12. 0^  2.0 

60±4 

No.  2 Dry 

8.3±0.6 

9.8±0.8 

60-4 

9.8±  1.8 

10.2-  1 .9 

63±2 

rx 

Values  represent  the  average  - the  standard  deviation  of  6 bins  and  are  expressed  as  % dry  wt  of  flesh. 
^Values  for  dates  in  unlined  and  lined  bins  did  not  differ  and  values  were  combined. 


Figure  1.  Grades  of  dates  determined  by  USDA  graders  at  harvest,  after  outdoor  storage  5 mo 
followed  by  cold  storage  7 mo,  and  after  cold  storage  12  mo. 
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PIGMENT  CONTENT  mg/g 


Figure  2. 


MONTHS 


MONTHS 


Soluble  pigment  content  in  mg/g  dry  wt  of  flesh  of 
early  season  dates  held  outdoors  0,  3,  and  5 mo 
followed  by  cold  storage  12,  9,  and  7 mo, 
respectively. 


Figure  3.  Soluble  pigment  content  in  mg/g  dry  wt  of  flesh 
of  mid-season  dates  held  outdoors  0,  3,  and  5 mo 
followed  by  cold  storage  12,  9,  and  7 mo, 
respectively. 


Figure  4.  Soluble  pigment  content  in  mg/g  dry  wt  of  flesh  of  late-season  dates  held  outdoors  0,  3,  and  5 mo  followed  by  cold 
storage  12,  9,  and  7 mo,  respectively. 
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Figure  6. 


MONTHS 

Figure  5.  Sucrose  content  of  dates  held  outdoors  0 and  5 mo  followed  by  cold  storage  12  and  7 mo,  respectively. 


MONTHS 

Fructose  (solid  line)  and  glucose  (broken  line)  content  of  dates  held  outdoors  0 and  5 mo  followed  by  cold  storage  12  and 
7 mo,  respectively. 
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No.  7 dry  dates  from  grade  B ( ),  and  No.  1 dry  ( ) and  No.  2 dry  ( - - — - ) dates  of  grade  C. 


12 


W 


e> 

o. 

6 ; 

iL  ■ i 1 i ■ » ■ ■ ■ » ■ • 

0 1 234  567  89  10  11  12 

MONTHS 


Figure  9.  Pigment  content  in  mg/g  dry  wt  of  flesh  of  No.  1 dry  dates  of  storage  grade  B in  unlined  and  lined  bins  (heavy  black  lines), 
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ABSTRACT 

A near-infrared  method  for  deter- 
mining moisture  content  of  dates 
compared  favorably  with  a vacuum- 
oven  method,  except  for  No.  2 dry 
dates.  The  differences  between  the 
two  methods  were  not  significant  for 
natural,  waxy,  and  No.  1 dry  dates. 
Moisture  values  by  the  vacuum-oven 
method  were  0.37  percentage  points 
higher  than  the  near-infrared  values 
for  No.  2 dry  dates.  The  NIR  method 
is  specific  for  water,  more  rapid  than 
vacuum-oven  drying,  and  suitable  for 
small  samples.  The  homogenate  may 
be  used  for  other  determinations 
such  as  sugar*  and  pigment  analyses. 

Date  Growers’  Inst.  Rep.  53:18 


During  investigations  of  quality  changes 
in  dates  during  storage,  it  became  neces- 
sary to  determine  moisture  contents  of 
small  samples  used  for  sugar  and  pigment 
measurements.  Methods  commonly  used 
to  measure  the  moisture  content  of  dates 
are  vacuum-oven  drying  at  70°  C or 
lower,  measurement  of  the  electrical 
conductance  of  ground  samples  with  a 
dried-fruit  moisture  tester  (1),  or  partial 
freeze  drying  followed  by  vacuum-oven 
drying  (2). 

Hart,  Norris  and  Golumbic  (5)  used  the 
near-infrared  (NIR)  absorption  bank  of 
water  at  1930  nm  to  measure  moisture 
content  that  varied  from  3-19%  in  cereals. 
Gold  (4)  extended  this  method  to  meas- 
ure moisture  contents  that  varied  from 
2-99%  in  fruit  and  vegetable  materials. 

i Mention  of  a proprietary  product  in 
this  paper  does  not  constitute  a recom- 
mendation or  an  endorsement  of  the 
product  by  the  U.S.  Department  of 
Agriculture. 


He  measured  the  absorption  at  1940  nm. 
Our  paper  describes  the  application  of 
these  NIR  methods  to  dates  and  com- 
pares the  NIR  method  with  the  vacuum- 
oven  drying  method. 

MATERIALS  AND  METHODS 

Deglet  Noor  dates  were  cut  lengthwise 
and  pitted.  Two  samples  were  made  from 
the  halves  of  each  of  25  dates.  One 
sample  was  dried  under  the  vacuum  (100 
mm  Hg)  at  65°  C for  72  hours  and  its 
moisture*  content  determined  gravimet- 
ric ally. 

The  other  sample  was  cut  into  about  10 
mm  pieces  with  poultry  shears  and 
weighed  in  a tared,  1 liter  graduated 
cylinder  (cut  off  and  fire  polished  at  the 
700-ml  mark  to  fit  the  shaft  of  the 
Polytron).  An  equal  weight  of  anhydrous 
methanol  was  added,  and  the  dates  were 
disintegrated  in  1 min  with  a Brinkmann 
Model  PT-45/2  Polytron.  A 10-g  sub- 
sample (5  g dates)  of  the  homogenate  was 
weighed  into  a tared  125-ml  Erlenmeyer 
flask  equipped  with  a glass  stopper,  and 
anhydrous  methanol  (100  ml)  was  added. 
The  flask  was  stoppered  and  put  in  an 
ultrasonic  bath  for  2-3  min,  then  left 
overnight  at  room  temperature. 

Some  of  the  methanol  extract  was  trans- 
ferred with  a dropping  pipet,  without  dis- 
turbing the  residue,  to  a 1-cm  Infrasil  cell 
which  was  then  stoppered.  The  sample 
and  reference  cells  were  placed  in  a Beck- 
man Acta  M IV  spectrophotometer,  and 
absorbance  was  set  at  0 at  1830  nm, 
where  water  has  no  absorption.  The 
absorbance  of  the  water  in  the  sample 
was  measured  at  1940  nm  and  the  refer- 
ence cell  was  removed  from  the  instru- 
ment between  readings  so  that  heating 
was  minimized.  Moisture  content  was 
found  by  reference  to  the  absorbance  of  a 
standard,  freshly  prepared  by  the  addi- 
tion of  1 .0  g water  and  5.0  g methanol  to 
100  ml  methanol.  The  same  lot  of  me- 


thanol was  used  tor  sample  preparation, 
the  standard,  and  the  reference. 

RESULTS  AND  DISCUSSION 

For  the  preparation  of  samples,  pitted 
dates  are  usually  ground  with  a food 
chopper,  then  mixed  thoroughly.  Prob- 
lems result  from  this  procedure:  (a)  dates 
are  difficult  to  mix  after  grinding  and 
must  be  kneaded  like  bread  dough,  (b) 
heat  is  produced  during  the  grinding  pro- 
cess and  constituents,  particularly  the 
sugars,  may  undergo  heat-induced  de- 
composition, (c)  small  samples  are  lost 
in  the  food  chopper,  and  (d)  cleaning  and 
drying  the  food  chopper  between  samples 
is  time  consuming.  Thus,  alternative 
methods  for  sample  preparation  were 
investigated.  A blender  will  not  complete- 
ly disintegrate  dates  and  it  generates 
excessive  heat  during  blending.  A Poly- 
tron was  found  to  be  effective,  it  dis- 
integrates dates  by  the  combined  actions 
of  high-pressure  recycling  and  mechanical 
shearing.  Both  large  and  small  samples 
were  homogenized  in  1 min  or  less  with 
little  generation  of  heat. 

Moisture  of  90  different  samples  of 
dates  was  determined  by  the  NIR  and 
vacuum-oven  methods  (Table  1).  Four 
grades  of  dates  from  experimental  storage 
tests  were  used.  Of  these  grades,  natural 
dates  are  generally  the  most  moist  and 
No.  2 dry  dates  the  least.  According  to 
“t”  tests  for  paired  observations,  the 
differences  between  the  two  methods  are 
not  significant  for  natural,  waxy,  and 
No.  1 dry  dates.  The  vacuum-oven  values 
average  0.37  percentage  points  higher 
than  the  NIR  values  for  No.  2 dry  dates; 
this  is  significant  at  the  0.01  level.  How- 
ever, this  is  within  the  0.5%  accuracy  of 
the  vacuum-oven  method  (6).  Standards 
for  the  NIR  method  gave  an  absorbance 
reading  of  0.610  - 0.010  (n  = 29). 

The  accuracy  of  a particular  method  of 
analysis  cannot  be  tested  absolutely 
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because  the  true  moisture  content  is  not 
known.  The  tendency  of  some  consti- 
tuents, particularly  sugars,  to  decompose 
with  the  evolution  of  water  and  other 
volatile  constituents,  and  the  formation 
of  browning  reaction  products  in  dates 
when  heated  have  been  reported  (7,8). 
Deglet  Noor  dates  contain  80-85%  sugar 
(3).  The  contribution  of  such  decomposi- 
tion in  dates  to  moisture  values  obtained 
from  vacuum-oven  drying  is  not  known. 
The  NIR  method  is  specific  for  water, 
more  rapid  than  vacuum-oven  drying,  and 
suitable  for  small  samples.  The  homo- 
genate may  be  used  for  other  determina- 
tions such  as  sugar  and  pigment  analyses. 
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Table  1. 

Comparison  of  moisture  values  for  four  grades  of  Deglet  Noor  dates  by  the  near-infrared  (NIR)  and 
methods 

vacuum-oven 

% Moisture 

Grades 

Natural 

Waxy 

No.  1 dry 

No.  2 dry 

Methods 

NIR 

Vacuum 

NIR 

Vacuum 

NIR 

Vacuum 

NIR 

Vacuum 

20.90 

20.98 

15.60 

16.19 

15.42 

16.06 

14.68 

15.28 

19.35 

19.88 

15.84 

16.23 

14.81 

14.83 

12.70 

13.29 

17.97 

17.72 

16.26 

16.41 

15.33 

15.40 

15.38 

15.63 

17.21 

17.21 

15.48 

15.81 

15.92 

15.86 

14.53 

14.61 

18.06 

17.92 

16.13 

16.12 

16.96 

17.38 

14.59 

14.54 

17.20 

17.22 

16.41 

16.49 

16.02 

16.47 

11.05 

12.18 

24.12 

24.29 

16.52 

16.37 

16.05 

16.10 

14.39 

13.92 

23.55 

24.28 

17.11 

17.27 

17.70 

17.53 

15.66 

15.96 

22.09 

22.19 

18.68 

18.88 

18.21 

18.25 

15.12 

15.40 

21.01 

21.32 

17.67 

17.32 

17.69 

18.24 

15.95 

16.85 

22.79 

21.28 

17.10 

16.88 

17.34 

17.68 

16.02 

16.12 

18.98 

19.04 

19.78 

19.48 

16.95 

17.52 

14.83 

15.03 

22.31 

21.68 

18.66 

18.64 

17.93 

17.23 

14.46 

15.28 

22.75 

21.55 

17.12 

17.13 

16.35 

16.94 

14.97 

15.50 

22.07 

22.16 

17.63 

17.66 

16.72 

17.25 

15.62 

16.31 

20.87 

21.29 

16.52 

16.48 

16.04 

16.62 

13.77 

13.94 

20.34 

19.80 

18.34 

18.27 

15.42 

15.98 

16.93 

16.93 

20.53 

20.62 

16.36 

16.51 

15.88 

16.26 

13.04 

13.41 

20.26 

20.50 

15.31 

15.73 

15.88 

15.94 

13.99 

14.16 

20.00 

20.28 

15.90 

16.27 

19.27 

18.25 

13.81 

14.37 

15.16 

15.73 

17.84 

18.05 

15.72 

17.09 

19.26 

18.90 

17.32 

18.19 

19.47 

19.54 

19.11 

19.58 

19.17 

18.72 

18.65 

18.87 

18.15 

18.47 

Mean 

20.62 

20.56 

16.98 

17.18 

17.03 

17.18 

14.57 

14.94 

Std  Dev 

—2.04 

-2.02 

-1 .30 

-1.19 

-1 .38 

-1 .20 

-1 .32 

-1 .24 

ta 

0.489 

2.761 

1.710 

3.209* 

aAsterisk  denotes  statistical  significance  at  0.01  for  a two-tailed  "t"  test. 
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METAXENIA  EFFECT  OF  POLLEN  FROM  INBRED  MALE  PALMS 
ON  RIPENING  PERIOD  AND  SIZE  OF  DATE  FRUIT 

C.  L.  Ream 

Horticulturist,  Agricultural  Research  Service, 

United  States  Department  of  Agriculture,  Indio,  California  92201 


ABSTRACT 

In  metaxenia  studies,  pollen  from 
six  inbred  male  palms  were  compared 
with  Fard  4 pollen,  which  induces 
early  ripening,  in  pollination  of  Deg- 
let  Noor  palm  flowers.  None  of  the 
six  induced  earlier  ripening  than 
Fard  4.  Variation  in  the  effect  of 
pollen  on  the  time  of  ripening  was  as 
great  within  the  inbred  lines  as 
between  different  inbred  lines. 

Date  Growers’  Inst.  Rep.  53:21 

The  metaxenia  effect  of  pollen  on  the 
fruit  of  the  date  palm,  Phoenix  dacty- 
Hfera  L.,  has  been  of  interest  to  date 
growers  for  many  years.  Swingle  (9)  pro- 
posed .the  term  “metaxenia”  to  describe 
the  direct  effect  of  pollen  upon  seed  and 
fruit  tissues  lying  outside  the  embryo  and 
endosperm.  Studies  by  Nixon  (1,  6) 
demonstrated  the  influence  of  pollen 
from  different  sources  upon  time  of 
ripening,  fruit  size,  seed  size  and  shape 
of  ‘Deglet  Noor’  fruit  and  the  fruit  of 
several  other  date  cultivars.  Nixon  (5) 
also  demonstrated  that  the  use  of  a pollen 
which  causes  early  ripening  can  be  valu- 
able to  growers  in  areas  where  late- 
ripening  dates  may  be  damaged  by  rain. 
Osman,  et  al.,  (7)  found  that  pollen 
from  different  male  palms  significantly 
influenced  the  frequency  distribution 
curves  of  such  characters  as  weight  of 
seed  and  pericarp;  pollen  of  an  inbred 
Deglet  Noor  clone  produced  the  least 
dispersion  about  the  means  for  these 
characters.  They  suggested  that  a part  of 
the  spread  in  time  of  ripening  of  the  fruit 
on  a given  bunch  of  dates  was  related  to 
the  heterozygosity  of  pollen  used  and 
that,  by  inbreeding  to  reduce  the  varia- 
bility of  the  pollen,  the  ripening  period  of 
the  fruit  on  bunches  pollinated  with  such 
pollen  might  be  shortened,  but  only 
slightly  because  half  of  the  variability  is 
due  to  the  egg. 

This  paper  reports  on  the  results  of  two 
experiments  conducted  to  study  possible 


metaxenia  effects  of  pollens  from  several 
inbred  males,  to  determine  whether 
differences  existed  and  whether  any 
pollens  induced  large  size  of  fruit  and  re- 
duced the  spread  of  ripening  time. 

MATERIALS  AND  METHODS 

The  procedures  followed  in  these 
experiments  were  similar  to  those  des- 
cribed by  Nixon  (3).  Male  and  female 
spathes  were  covered  with  brown  paper 
bags  as  soon  as  they  emerged.  Male  in- 
florescences were  cut  as  soon  as  the 
spathes  cracked  and,  after  removal  of 
the  spathes,  were  placed  on  trays  in 
separate  rooms  to  dry.  Female  inflor- 
escences were  opened  after  the  spathes 
cracked  and  were  thinned  by  cutting  back 
the  tips,  removing  some  of  the  center 
strands,  and  leaving  40  strands  on  each 
bunch.  The  strands  were  separated  into 
groups  of  10  strands  and  each  group  was 
covered  with  a paper  bag. 

Seedling  male  clones  used  in  the  two 
experiments  were  selected  from  back- 
crossed  lines  as  follows:  63-394-21 

‘Khadrawy’  BC3,  63-394-25  Khadrawy 
BC3  63-396-7  ‘Medjool’  BC3,  63-396:9 
Medjool  BC3  64-354-15  Deglet  Noor 
BC4  64-354-22  Deglet  Noor  BC4  A 
‘Fard  4’  male  was  used  as  a standard 
because  this  clone  induces  early  ripening. 
Two  17-year-old  Deglet  Noor  female 
palms  were  used  in  each  experiment  and 
each  pollen  treatment  was  applied  to  five 
bunches.  All  the  experimental  palms  were 
located  in  the  same  row  on  the  U.S.  Date 
and  Citrus  Station,  Indio,  California,  and 
received  uniform  care. 

Pollination  was  accomplished  by  punch- 
ing a small  hole  in  the  paper  bag  covering 
the  female  inflorescence  and  blowing  the 
pollen  into  the  bag  with  a plastic  wash 
bottle.  The  hole  was  then  sealed  with 
tape.  All  treatments  were  applied  on  the 
same  day. 

Harvest  dates  were  September  23, 
September  30,  October  7 and  Octo- 
ber 21.  The  ripe  dates  were  picked  from 


each  group  of  strands  and  weighed.  From 
these  lots,  10  dates  were  randomly 
selected.  If  there  were  less  than  10  dates 
in  the  lot,  all  of  the  dates  were  used. 
These  samples  were  deseeded  and  the 
flesh  was  dried  in  a forced-draft  oven  at 
70°  C for  48  hr.  The  weight  of  the  dried 
pericarp  was  recorded  immediately  after 
removal  from  the  oven.  Seeds  were  placed 
on  wire  trays,  air-dried  for  6 days  and 
weighed. 

RESULTS  AND  DISCUSSION 

As  reported  in  previous  studies  (1,2,3, 
4,  5,  6,  7,  9)  Fard  4 pollen  caused  earlier 
ripening  of  Deglet  Noor  fruit  than  did 
any  of  the  other  pollens  tested  in  the  two 
experiments  (Fig.  1).  Pollen  of  Khadrawy 
seedling  63-394-25  also  caused  early 
ripening,  but  not  as  early  as  that  induced 
by  Fard  4 pollen.  The  latest  ripening  fruit 
resulted  from  the  use  of  pollen  of  Deglet 
Noor  seedling  64-354-22.  On  October  7, 
96%  of  the  Fard  4 pollinated  fruit  and 
63%  of  the  Deglet  Noor  seedling  64- 
354-22  pollinated  fruit  had  ripened. 

Fard  4 pollen  also  produced  fruit  with 
smaller  seed  than  did  the  other  pollens 
(Table  1).  Differences  in  pericarp  weight 
between  fruit  derived  from  Fard  4 pollen 
and  Khadrawy  63-394-25  pollen  in  ex- 
periment I and  Fard  4 pollen  and  Kha- 
drawy 63-394-21  pollen  in  experiment  II 
were  not  significant.  The  small  differ- 
ences in  pericarp  weight  found  in  experi- 
ment II  may  have  been  due  to  the  pre- 
valence of  blacknose  in  fruit  of  these 
bunches. 

The  variation  in  the  effect  of  pollen  on 
the  time  of  ripening  appears  to  be  as  great 
within  the  backcrossed  lines  as  between 
these  lines  (Fig.  1).  For  example,  the 
curves  representing  the  two  siblings  in  the 
same  Deglet  Noor  line  are  no  more 
similar  to  each  other  than  they  are  to  the 
curves  representing  the  Medjool  or 
Khadrawy  lines. 

Although  the  different  pollens  influ- 
enced the  initiation  of  ripening  in  fruit, 
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it  does  not  appear  that  any  pollen  tested 
appreciably  influenced  the  duration  of 
the  ripening  period  as  compared  to 
Fard  4 as  a standard.  The  time  of  re- 
ceptivity of  different  flowers  on  the  same 
inflorescence  may  vary  by  2 wk  or  more 
(8).  This  variation  in  the  time  of  re 
ceptivity  and,  consequently,  of  fertili- 
zation of  the  egg  may  play  an  important 
part  in  determining  the  duration  of  the 
ripening  period,  and  the  degree  of  homo- 
zygosity of  pollen  may  have  little  influ- 
ence on  duration  of  the  ripening  period. 
Additional  male  palms  should  be  tested 
to  determine  those  most  useful  in  de- 
veloping pollen  sources  that  can  produce 
an  early  onset  of  the  ripening  period  or* 
that  induce  large  size  of  fruit. 

SUMMARY 

The  metaxenia  effect  of  pollen  from 
several  inbred  male  palms  was  studied. 
None  induced  earlier  ripening  in  Deglet 
Noor  fruit  than  did  pollen  from  the 
Fard  4 male.  The  variation  in  the  effect 
of  pollen  on  the  time  of  ripening  ap- 
peared to  be  as  great  within  the  inbred 
lines  as  between  the  different  inbred 
lines  and  none  appeared  to  shorten  the 
duration  of  the  ripening  period  of  the 
fruit  on  the  same  bunch  when  compared 
to  Fard  4 as  a standard. 
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Table  1.  Effect  of  different  pollens 

on  weight  of  seed  and  pericarp  of  Deglet  Noor  fruit 

Seed 

Pericarp 

weight 

weight 

(g) 

(g) 

Experiment  1 

64-354-1 5X  Deglet  Noor  BC4 

.807  a 

8.40  ay 

63-396-7  Medjool  BCg 

.790  a 

8.15a  b 

63  394-25  Khadrawy  BC3 

.759  a 

7.85  be 

Fard  4 

.650  b 

7.62  c 

Experiment  II 

64-354-22  Deglet  Noor  BC4 

.836  a 

8.51  a 

63-396-9  Medjool  BCg 

,812  a 

8.50  a 

63-394-21  Khadrawy  BC3 

.752  b 

8.29  a b 

Fard  4 

.680  c 

8.01  b 

''  U.3.  Date  and  Citrus  Station  accession  number. 

Comparable  mean  separation  by  Duncan's  multiple  range  test  at  the  5%  level. 


Figure  1.  Influence  of  pollen  on  percent  of  fruit  harvested  by  9/23,  9/30,  10/7, 
and  10/31  — 1975. 
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THE  POLLEN  HUSTLERS:  COOPERATIVE  OWNERSHIP 
AND  EXTRACTION  OF  DATE  POLLEN 


ABSTRACT 

A date  growers’  cooperative  was 
organized  in  1976  for  the  mechanical 
extraction  of  pollen.  Recommenda- 
tions are  made  for  developing  a 
gfowers’  cooperative  that  would 
collect,  extract,  store  and  distribute 
pollen.  Eventually,  orchards  of  male 
palms  might  be  established  for  pro- 
duction of  pollen. 

Date  Growers’  Inst.  Rep.  53:23 

In  1974,  Agricultural  Engineers  Paul 
Burkner  of  the  Agricultural  Research 
Service,  U.  S.  Department  of  Agriculture, 
and  Roger  Perkins,  of  the  University  of 
California,  Riverside,  developed  a ma- 
chine for  extracting  pollen  from  male 
blooms. 

The  advantages  of  the  mechanical 
extractor  over  past  methods  of  pollen 
extraction  include  increased  yield  of 
pollen,  savings  in  labor  costs  and  re- 
duction of  the  health  hazard  arising 
from  allergy  to  date  pollen. 

It  was  the  opinion  of  the  engineers 
that,  due  to  the  cost  and  capacity  of  the 
extractor,  a program  of  cooperative 
ownership  and  use  would  be  more  fea- 
sible than  individual  ownership.  With 
their  assistance  and  the  use  of  their 
extractor,  a pilot  program  was  conducted 
in  1975  by  growers  Lee  Anderson,  Jr., 
Sunar  Chuchian,  Peter  Dondero,  Harold 
Ensley,  David  Mitchell  and  me,  that  in- 
volved extracting  pollen  for  use  on  a total 
of  530  acres.  The  extractor  was  used  for 
46  operating  hr  over  a period  of  41  days. 

With  data  gathered  during  the  1975 
program,  the  engineers  compiled  a pro- 
jection on  the  cost  of  operating  the 
pollen  extractor  based  on:  10  growers, 
800  acres  of  palms,  a machine  cost  of 
$5,000,  and  a yearly  operation  cost  of 
$450.  On  the  basis  of  their  calculations, 
the  extraction  cost  per  quart  of  pollen 
was  $0.95. 


Paul  J.  Codekas 

Manager-Partner,  Sun  Gold  Date  Gardens, 
Thermal,  California  92274 

The  findings  of  the  1975  pilot  program 
have  borne  out  the  engineers’  belief  that 
the  amount  of  time  one  grower  would  use 
the  extractor  in  a given  season  would  not 
warrant  the  cost  of  individual  purchase. 
The  capacity  of  the  machine  exceeded 
the  needs  of  the  individual  grower  in 
Coachella  Valley.  Therefore,  the  con- 
clusion was  reached  that  cooperative  use 
and  ownership  of  the  extractor  was  the 
most  practical  and  desirable  arrangement. 

At  the  end  of  the  1975  pollinating 
season,  the  above  fisted  growers,  plus 
Hadley  Date  Gardens,  met  and  formed  a 
cooperative,  calling  it  “The  Pollen  Hust- 
lers” and  contracted  locally  to  have  a 
machine  built  at  a cost  of  $4,500.  Two  of 
seven  growers  involved  had  such  small 
acreages  that  the  initial  cost  of  the 
extractor  was  split  into  six  equal  shares: 

During  the  1976  pollinating  season,  the 
extractor  was  used  for  134  hr  to  provide 
pollen  for  pollinating  a total  of  740  acres 
of  female  palms.  Operating  costs  were 
divided  equally  in  this  first  year  of 
operation  as  a cooperative.  The  biggest 
problem  encountered  was  the  frequent 
mechanical  breakdown  of  the  extractor', 
however,  the  contractor  who  built  the 
machine  was  cooperative  in  making 
repairs. 

It  is  the  unanimous  opinion  of  “The 
Pollen  Hustlers”  that  the  cooperative 
pollen  extraction  program  has  been 
beneficial  to  everyone. 

I feel  that  the  success  of  the  1976 
cooperative  effort  opens  up  other  possi- 
bilities for  cooperative  pollen  collection 
and,  eventually,  for  the  growing  of  male 
pollen  gardens  for  pollen  production.  For 
example,  the  present  method  is  for  each 
grower  to  use  his  own  labor  and  trucks  to 
collect  pollen  and  to  maintain  his  own 
pollen  room.  The  area  bounded  by 
Avenue  56  and  58,  Van  Buren  and" 
Monroe  Streets  has  twelve  date  growers, 
each  collecting  pollen.  During  the  bloom 
season,  with  two  or  more  employees 


collecting  pollen  for  each  grower  in 
gardens  located  in  very  close  proximity 
to  each  other,  the  traffic  at  Avenue  56 
and  Jackson  .gets  very  heavy. 

Consideration  should  be  given  this 
coming  year  to  implementation  of  a 
cooperative  route  collection  system,  using 
past  experience  to  establish  the  number 
of  palms  two  men  and  a truck  could 
handle  daily.  The  use  of  marked  con- 
tainers for  collecting  blooms  would 
properly  identify  each  grower’s  pollen. 

A centrally  located  pollen  room  and  an 
extractor  could  be  set  up  for  use  by 
participating  growers.  Each  grower  could 
be  assigned  a specific  area  for  pollen  stor- 
age. One  man  in  the  pollen  room  could 
hang  blooms  to  dry,  use  the  extraptor  and 
dry  the  extracted  pollen.  Each  participat- 
ing grower  would  have  access  to  the 
pollen  storage  room  in  order  to  take 
pollen  as  needed. 

The  economic  advantages  of  this  pollen 
handling  system  should  be  reflected  in 
reduced  labor,  equipment  and  time 
required  to  do  the  job.  A man  trained  and 
employed  for  the  duration  of  the  season 
would  become  familiar  with  the  equip- 
ment and  its  operation,  and  the  number 
of  breakdowns  would  probably  decrease. 

In  my  opinion,  a fully  developed  co- 
operative program  would  be  based  on  a 
male  palm  garden.  The  palms  might  be 
planted  on  25-ft  centers,  rather  than  the 
normal  30-ft  centers  for  female  palms; 
this  spacing  would  give  70  male  palms  per 
acre.  The  extractor  and  a pollen  room 
could  be  set  up  at  the  same  location. 

This  plan,  which  would  entail  the  trans- 
planting of  bearing  male  palms,  and 
offshoots,  could  become  operational 
within  5 years.  The  advantages  of  this 
integrated  plan  over  the  present  method 
of  pollen  collection  would  include: 

1.  A compact  area  in  which  to  gather 
pollen. 

2.  Minimal  labor  requirements,  com- 
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pared  to  present  diffuse  pattern  of 
collection. 

3.  Improved  pollen  recovery,  because 
handling  and  transportation  of  in- 
florescences would  be  reduced. 

4.  Minimal  transportation,  hours  of 
vehicle  operation,  vehicle  accidents, 
and  energy  consumption. 

5.  Sufficient  numbers  of  palms  to 
justify  use  of  a man-positioner  in 
harvesting  blooms. 

6.  A pollen  bank  from  which  pollen 
could  be  sold  to  non-member  date 
growers. 

7.  Elimination  of  male  palms  from 
regular  orchards,  thus,  increasing  the 
space  available  for  female  palms. 
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ABSTRACT 

Literature  pertinent  to  the  breeding 
of  the  date  palm,  Phoenix  dacty/i- 
fera,  is  reviewed  and  includes  refer- 
ences to  taxonomy,  cytology,  me- 
taxenia,  and  utilization  of  species 
within  the  genus  Phoenix.  Date  palm 
breeding  is  discussed  in  relation  to 
improved  quality,  yield,  and  handling 
properties  in  commercial  date  varie- 
ties; improved  resistance  and  fruit 
quality  in  selections  resistant  to  the 
fusariose  or  bayoud  disease,  incited 
by  Fusarium  oxysporum  var.  albe- 
dinis\  development  of  varieties  for 
use  in  marginal  date  growing  areas; 
and  a consideration  of  other  valuable 
characters,  especially  sugar  produc- 
tion, of  date  palms  and  related 
species  that  might  be  worthy  of 
genetic  improvement. 

Date  Growers’  Inst.  Rep.  53:25 

World  date  production  was  reviewed  by 
Dowson  (18),  who  estimated  total  pro- 
duction for  1966  at  1,826,000  metric 
tons  from  96,000,000  trees.  Yields 
remained  fairly  constant  from  1961  to 
1972  (21).  Munier  (36)  detailed  the 
geographic  distribution  of  the  date  palm 
(Phoenix  dactylifera  L.)  and  other  species 
of  Phoenix. 

Renewed  interest  in  date  culture  is 
apparent  in  recent  publications  relating  to 
the  crop  and  in  public  and  private  assis- 
tance programs  in  developing  countries. 
Numerous  inquiries  into  date  culture  and 
utilization  have  been  directed  to  the 
Agricultural  Research  Service  from  date 
growing  countries.  Interest  in  dates  as  a 
staple  food  crop  is  especially  keen  in 
countries  bordering  the  western  and 
southern  Sahara,  where  date  varieties 
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tolerant  to  sub-optimal  or  marginal 
conditions,  though  not  of  the  highest 
quality,  might  provide  valuable  food  and 
other  products  on  land  unsuited  to  other 
crops. 

The  adaption  and  selection  of  varieties 
for  a'  wide  range  of  adverse  conditions 
was  noted  by  Nixon  (42).  An  excellent 
series  of  country  reports  on  date  culture 
in  marginal  areas  has  been  published  by 
P.  Munier  through  the  Institut  Francais 
de  Recherches  . Fruitieres  d’Outre-Mer, 
Paris. 

In  Morocco  and  the  western  half  of 
Algeria,  fusariose  (bayoud  disease),  incited 
by  Fusarium  oxysporum  Schlect.  var. 
albedinis  (Killian  & Maire),  Malencon,  has 
devasted  most  of  the  commercial  and  sub- 
sistence plantings  of  date  palms  in  an  area 
south  and  east  of  Marrakech  and  the 
Atlas  Mountains  (21).  Pereau-Leroy  (48) 
estimated  that  from  the  appearance  of 
the  disease  in  the  late  1800’s  until  1950, 
more  than  10,000,000  of  the  15,000,000 
date  palms  in  Southern  Morocco  suc- 
cumbed to  fusariose.  Breeding  and 
selection  of  good  to  high  quality  date 
varieties  tolerant  or  resistant  to  fusariose 
are  required  to  rehabilitate  oases  and  to 
restore  a valuable  segment  of  the  export 
trade.  In  Algeria,  disease-resistant  date 
varieties  could  supplement  control  of 
fusariose  by  quarantine  and  eradication 
measures  (9).  Spread  of  fusariose  into  the 
great  eastern  oases  that  extend  from 
Ourgala  northward  to  Touggourt,  Oued 
Souf,  and  the  Biskra  area  would  menace 
Algeria’s  valuable  and  indispensable  date 
industry. 

Breeding  of  date  palms  is  a recent  de- 
velopment in  the  culture  of  this  ancient 
crop  (8,  13,  22,  49,  50).  Old  World 
varieties  have  arisen  by  selection  of 
chance  seedlings  adapted  to  local  needs; 
some  varieties  have  been  especially 
suitable  for  domestic  and  foreign  com- 
merce. Prior  to  1000  A.D.,  120  varieties 
were  recorded  and  more  than  1,200 
varieties. have  been  listed  within  the  last 
century  (50).  In  California,  Old  World 


varieties  are  the  basis  of  the  industry.  A 
few  local  seedling  selections  have  been 
named  and  are  planted  on  a limited 
acreage. 

This  workshop  provides  an  opportunity 
to  examine  date  palm  breeding  in  relation 
to  (a)  improved  quality,  yield  and  hand- 
ling properties  in  commercial  fruit 
varieties,  (b)  improved  disease  resistance 
to  fusariose,  (c)  development  of  varieties 
for  use  in  marginal  date  growing  areas, 
and  (d)-a  consideration  of  other  valuable 
characters  of  date  palms  and  related 
species  that  might  be  worthy  of  genetic 
improvement. 

Objectives,  problems,  and  progress  in- 
volved in  breeding  date  palms  have  been 
discussed  by  Barrett  (3),  Nixon  (42), 
Nixon  and  Furr  (45),  Oudejans  (47), 
Laville  (26),  and  Ream  (51).  Information 
on  other  aspects  of  date  culture  may  be 
found  in  Elmer,  et  ah,  (20),  Hussain 
(23),  Munier  (36),  Nixon  (44),  Reuveni 
(52),  and  Toutain  (53). 

THE  GENUS  Phoenix 

The  diverse  uses  of  Phoenix  species 
include  food  in  several  forms  for  man  and 
animals,  fiber,  wood,  fuel,  shelter,  and 
handsome  ornamental  plants  (1,  4,  7, 
19,32,36,41,60). 

The  brief  reference  to  the  taxa  in 
Phoenix  provides  a current  evaluation  of 
the  species.  Moore  (33)  listed  29  taxa  of 
which  12  were  considered  valid  species; 
he  later  (34)  reported  17  species  in 
Phoenix , but  did  not  list  them.  Nineteen 
species  recognized  by  one  or  more  investi- 
gators are  shown  in  Table  1.  De  Martius’ 
(30)  list  of  species  is  included  for  histori- 
cal interest.  Becarri  (6)  and  other  authors 
cited  agree  on  seven  species.  Natural 
interspecific  hybridization  may  occur 
wherever  two  or  more  species  of  Phoenix 
grow  and  flower  close  together.  Under 
such  circumstances  the  breeder  must 
select  his  plant  material  with  unusual 
care. 

At  the  Huntington  Library  and  Botanic 
Garden,  San  Marino,  California,  Myron 
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Kimnack  is  currently  reviewing  the 
species  problem  in  Phoenix ; F.  C.  Boutin 
and  C.  0.  Hallberg  are  breeding  inter- 
specific hybrids  of  Phoenix  to  produce 
new  horticultural  materials  for  landscape 
use,  and  the  excellent  collection  of 
species  and  hybrids  of  Phoenix  is  being 
expanded  and  improved. 

CHROMOSOMES 

Data  on  chromosomes  in  several  Phoe- 
nix species  are  summarized  in  Darlington 
and  Wylie  (14).  All  investigators  except 
Doulat  (17)  report  36  chromosomes  in  the 
diploid  condition  of  seven  species.  Nemec 
(39)  is  cited  by  Doulat  (17)  and  Beal  (5) 
as  reporting  28  chromosomes  in  P.  dacty- 
Hfera,  whereas  Nemec  (39)  stated  that  he 
counted  28,  but  believed  that  some  long 
chromosomes  might  have  been  multi- 
valent or  that  some  chromosomes  were 
hidden  by  other  material  in  the  prepara- 
tions. These  papers  and  that  of  Venkata- 
subban  (59)  include  studies  on  the  cytol 
ogy  of  Phoenix . 

BREEDING  BACKGROUND 

The  genetic  behavior  of  the  date  palm  is 
little  known.  Seedling  populations  of 
certain  varieties  tend  to  resemble  the 
female  parent  in  vegetative  and  fruit 
characters  (Appendix  1).  This  feature  has 
been  useful  in  selecting  for  further 
hybridization  backcrossed  (BC)  males 
with  growth  characters  resembling  those 
of  the  female  parent.  Fruit  characters 
carried  by  male  palms  are  unknown,  but 
a study  of  female  progeny  in  BC  popula- 
tions may  suggest  whith  fruit  characters 
are  being  transmitted  and  the  degree  of 
character  homozygosity. 

Subtleties  of  leaf  color,  angle  of  pinnae, 
arrangement  of  rachis  spines  and  other 
vegetative  characters  have  not  been  evalu- 
ated in  progeny  to  establish  a precise 
degree  of  resemblance  to  the  female 
parent.  However,  increased  numbers  of 
individuals  in  each  successive  BC  genera- 
tion show  the  characters  of  the  recurrent 
female  parent.  As  advanced  BC  males 
become  available,  it  should  be  possible 
to  study  the  inheritance  of  characters  in 
progeny  derived  from  parents  with 
distinctive  attributes. 

The  literature  reviewed  by  Osman,  et 
al.,  (46)  on  xenia  and  metaxenia  clearly 
demonstrates  that  in  the  date  palm,  the 
pollen  parent  may  strongly  influence  fruit 


size,  seed  size,  and  time  and  uniformity 
of  ripening.  If  such  results  can  be  achiev- 
ed with  the  relatively  few  selected  males 
that  have  been  studied,  the  range  and 
influence  of  metaxenia  should  be  subject 
to  substantial  improvement  through 
breeding  and  selection. 

First  consideration  should  be  given  to 
breeding,  testing  and  selection  of  males 
within  P.  dacty/ifera , if  high  quality  fruit 
and  high  yields  are  desired.  Preliminary 
data  (40)  on  the  metaxenic  effect  on 
dates  of  pollen  from  related  species 
indicate  that  pollen  of  P.  sylvestris 
behaves  much  like  that  of  P.  dactyli- 
fera.  Pollen  of  P.  reclinata,  P.  can- 
ariensis,  P.  roebelenii,  P.  rupicola,  and  a 
putative  hybrid  P.  rupicola  X P.  reclin- 
ata, all  had  metaxenic  effects  on  Deglet 
Noor  fruit,  some  of  which  were  unfavor- 
able. bjixon  suggested  that  pollen  of  some 
of  the  species  that  induced  late  ripening 
might  be  useful  under  conditions  where 
early  ripening  would  be  a disadvantage. 
H.  C.  Barrett,  (unpublished  data),  success- 
fully hybridized  date  varieties  with 
P.  humilis ; fruits  were  fairly  normal,  but  a 
xenic  effect  occurred  in  seeds,  many  of 
which  were  small  and  very  slender. 

BREEDING  OBJECTIVES 

Interspecific  hybridization  in  Phoenix, 
while  of  interest  taxonomically  and 
horticulturally,  should  not  be  expected 
to  improve  commercial  fruit  quality.  The 
most  that  such  crosses  could  accomplish 
would  be  to  extend  the  range  of  date-like 
fruits.  Interspecific  hybridization  might 
be  used  in  a long-term  date  breeding  pro- 
gram to  modify  growth  habit,  expecially 
by  inducing  moderate  to  slow  vertical 
growth. 

Breeding  within  P.  dactylifera,  a remark- 
ably diverse  species  in  fruit  and  vegetative 
characters  and  adaptation  to  a wide  range 
of  environments,  offers  the  best  route  for 
developing  varieties  with  desirable  fruit 
quality,  yield,  and  growth  habit.  Early 
attempts  to  breed  superior  female  varie- 
ties in  which  ordinary  males  were  used 
had  little  chance  of  success  because  the 
species  is  dioecious  and  heterozygous. 
Sibling  crosses  were  not  much  better. 
In  1948,  Nixon  and  Furr  (45)  began  the 
first  breeding  program  to  develop  BC 
males  that  would  hypothetically  ap- 
proach the  recurrent  female  variety  in 


genetic  constitution  and  that  could  be 
expected  to  transmit  some  maternal 
characters. 

The  primary  goal  of  date  breeding  is  to 
achieve  the  highest  fruit  quality  and  yield 
consistent  with  local  requirements.  The 
latter  might  include: 

(a)  Tolerance  or  resistance  to  cold, 
extreme  heat,  high  humidity,  rain  dam- 
age, insect  attacks,  physiological  and 
fungal  diseases,  saline  water,  marginal 
soils  and  poor  drainage. 

(b)  Adaptation  to  mechanical  harvest- 
ing, processing  and  pest  control. 

(c)  Modification  of  growth  habit  to 
reduce  the  rate  of  vertical  growth,  reduce 
the  number  and  size  of  leaf  spines,  in- 
crease the  length  and  flexibility  of  fruit 
stalks,  improve  distribution  and  numbers 
of  fruits  per  bunch  to  increase  fruit  size 
and  reduce  thinning  operations. 

(d)  Modification  of  fruit  quality,  seed 
size,  uniformity  of  ripening  and  time  of 
ripening,  and  reduction  of  skin  separation 
in  fruit  of  soft  varieties. 

(e)  Development  of  male  palms  with 
metaxenic  characters  that  could  be  used 
to  manipulate  fruit  production. 

(f)  Development  of  inbred  lines  to 
produce  seed  with  sufficiently  uniform 
characters  to  permit  propagation  of  palms 
from  seed. 

Breeding  of  date  varieties  for  pro- 
duction of  refined  sugar  might  be  feasible 
because  sugar  is  the  principal  constituent 
of  date  fruit.  Dried,  ground  date  pulp 
and  date  syrup  are  commonly  used  as 
sugar  substitutes.  We  have  received  in- 
quiries from  international  consulting 
firms  concerning  dates  as  a source  of  re- 
fined sugar,  but  apparently  no  processing 
is  underway,  other  than  the  production 
in  Iraq  of  a clear,  liquid  date  sugar 
syrup. 

Based  on  yield,  sugar  content  and  trees/ 
ha,  in  California  dates  might  produce 
more  than  10  metric  tons/ha  of  sugar. 
Cook  and  Furr  (12)  found  a range  of  68 
to  85%  total  sugars,  based  on  dry  weight 
of  pulp,  among  51  cultivars  that  included 
most  of  the  principal  Old  World  date 
varieties.  Micheli  (31)  reported  a range  of 
65  to  86%  total  sugar  among  77  Libyan 
varieties;  Hussein  (24)  gives  a sugar  con- 
tent of  72  to  82%  for  13  Egyptian  date 
varieties.  Yields  of  17  date  varieties  under 
California  conditions  (44)  vary  from  45 
to  55  kg/tree  for  ‘Khadrawy,’  with 
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sugar  content  of  80.5%  (12),  to  136 
kg/tree  for  ‘Barhee’  with  a sugar  content 
of  83.9%.  ‘Deglet  Noor’  and  ‘Zahidi,’ 
easily  handled  semi-dry  varieties,  yield 
91  to  136  kg/tree  and  have  a sugar 
content  of  77%  and  78%  respectively. 

A remote  goal,  suggested  by  the  occur- 
rence of  a few  individual  trees  that  bear 
polygamous  or  perfect  flowers,  is  to 
breed  date  palms  with  this  flowering 
habit  well  enough  developed  to  obviate 
the  need  for  artificial  pollination. 

The  wild  date  palm,  or  date-sugar  palm, 
P.  sylvestris,  is  the  second  species  of 
substantial  economic  importance  in  this 
genus.  This  palm  is  adapted  to  a wide 
range  of  environments  and  might  be  im- 
proved by  breeding  and  selection  (1).  The 
wild  date  palm  has  long  been  the  basis  of 
a semi-refined  sugar  and  syrup  industry  in 
India  and  elsewhere  in  Southeastern  Asia 
(1,  2,  25,  38,  60).  The  yield  of  partially 
refined  sugar  as  gur  or  jaggery  is  perhaps 
5 metric  tons/ha.  Joshi  and  Gopinathan 
(25)  estimated  the  plantings  of  this  palm 
in  India  at  13,500  ha  in  1952;  Davis’ 
(15)  estimate  of  30,000,000  wild  palms 
in  India,  of  which  20,000,000  should  be 
tappable,  markedly  increases  the  poten- 
tial acreage.  Sugar  production  data  for 
coconut  ( cocos  nucifera  L.),  palmyra 
( Borassus  flabelliformis  Murr.  \~B.  fla- 
bellifer  L.] ) and  sago  ( Caryota  urens  L.) 
are  given  by  Joshi  and  Gopinathan  (25) 
and  [Naik]  , (38). 

BREEDING  IN  MOROCCO 

Breeding  for  resistance  to  fusariose  is 
a major  date  palm  project  in  Morocco. 
Pereau-Leroy  (48)  showed  that  certain 
varieties  were  tolerant  or  resistant  to  the 
disease.  His  work  was  terminated,  but 
investigations  on  bayoud  disease  were 
resumed  in  the  early  19.60’s  (27,  28,  29, 
58).  The  resistant  varieties  (48)  were 
recovered  and  many  new,  resistant  male 
and  female  selections  were  identified  in 
field  plantings.  Toutain  and  Louvet 
(58)  listed  the  following  varieties  as 
resistant:  'Bou  Stammi  Noire,’  ‘Bou 

Feggous  ou  Moussa,’  ‘Iklane,’  ‘Sair 
Layalet,’  ‘Tadment,’  and  ‘Takerboucht.’ 
‘Sair  Layalet’  has  the  best  quality  (27); 
the  other  varieties  have  only  good  to 
mediocre  fruit  quality.  ‘Outoukdim,’ 
though  of  high  quality,  is  no  longer 
rated  among  the  most  resistant  varieties. 
Some  of  these  varieties  are  used  in 


domestic  commerce  and  in  oasis  rehabili- 
tation but  they  do  not  replace  ‘Medjool,’ 
‘Bou  Feggous,’  and  other  varieties  which 
once  provided  fruit  for  export  to 
European  markets. 

Since  1973,  pollen  of  advanced  BC 
“varietal”  male  palms  from  the  Indio 
Station  has  been  supplied  to  G.  Toutain 
for  pollination  of  fusariose-resistant  fe- 
males in  an  attempt  to  breed  varieties 
with  high  quality,  yield,  and  disease- 
resistance.  Nearly  100,000  hybrid  seeds 
were  produced  in  Morocco  from  1972  to 
1974,  including  hybrids  of  fusariose- 
resistant  Moroccan  female  palms  with  BC 
male  parents,  hybrids  between  Moroccan 
female  and  male  lines  resistant  to  fusari- 
ose, and  other  classes  of  hybrids  (54,  55, 
56,  57).  Seedling  progeny  of  advanced  BC 
males  from  Indio  are  growing  in  disease 
trials  at  Zagora,  in  an  effort  to  select 
fusariose-resistant  “varietal”  males. 


BREEDING  IN  CALIFORNIA 

Background: 

Deglet  Noor  is  grown  on  more  than  80% 
of  the  California  date  acreage.  The  fruit 
of  this  high  quality,  semi-dry,  Algerian 
variety  is  adapted  to  mechanical  harvest- 
ing and  processing  and  can  be  expected  to 
dominate  the  U.  S.  market  for  a long 
time.  The  semi-dry  fruit  of  the  high- 
yielding  Zahidi  variety,  though  inferior 
in  quality  to  that  of  Deglet  Noor,  can  be 
handled  mechanically.  The  soft-fruited 
varieties,  Medjool,  Barhee,  Khadrawy, 
‘Halawy’  and  others  require  manual 
harvesting  and  processing.  Fruit  of  these 
varieties  is  handled  principally  through 
local  retail  and  mail  order  outlets.  Med- 
jool, because  of  its  large  size  and  at- 
tractive appearance,  is  being  processed  by 
two  of  the  large  date  firms  because 
returns  compensate  for  the  extra  labor 
required  in  handling. 

The  date  breeding  program  of  the 
Agricultural  Research  Service  is  aimed 
primarily  at  developing  female  varieties 
with:  (a)  quality  and  yield  equal  to,  or 
superior  to,  those  of  Deglet  Noor,  (b) 
freedom  from  black  nose,  a serious 
physiological  disorder  of  ripening  Deglet 
Noor  fruit,  (c)  adaptation  to  mechanical 
harvesting  and  processing,  (d)  retention 
of  the  long  fruit  stalk  of  Deglet  Noor  that 
facilitates  handling  of  fruit  bunches,  and 
(e)  a moderate  rate  of  vertical  growth. 


Among  soft  varieties,  the  main  object  is 
to  combine  the  quality  and  yield  of  Med- 
jool with  long  fruit  stalks  to  facilitate 
handling  of  bunches.  Selection  of  other 
soft-fruited  dates  with  outstanding  size, 
quality,  and  yield,  or  some  other  useful 
character,  will  be  made  as  such  seedlings 
appear  among  progeny. 

Initially,  35  varieties  represented  by  48 
breeding  lines  were  included  in  Nixon  and 
Furr’s  (45)  BC  program;  these  have  been 
reduced  to  14  varieties  represented  by  22 
lines,  as  a result  of  genetic  weakness  in 
some  lines  and  changes  in  breeding  ob- 
jectives. Several  lines  have  advanced  to 
the  fourth  and  fifth  generation  backcross. 
(Table  2). 

Progeny  from  the  third  BC  of  Barhee 
include  many  females  that  have  had  fruit 
which  closely  resembles  that  of  the  fe- 
male parent.  This  is  in  line  with  Nixon 
and  Furr’s  (45)  evaluation  of  Barhee 
progeny.  Varietal  similarity  exists  among 
the  fruit  of  BC  progeny  in  Medjool  and 
Khadrawy,  which  have  large  and  small 
fruit,  respectively.  Deglet  Noor  back- 
crosses  have  been  disappointing  because 
none  of  the  females  from  the  fourth  BC 
has  fruit  similar  to  that  of  Deglet  Noor. 

INTERVARIETAL  CROSSES 

The  term  “intervarietal  crosses”  (51) 
is  a convenient  way  of  referring  to  crosses 
between  female  varieties  and  BC  males. 
The  early  crosses  reported  by  Nixon  and 
Furr  (45)  yielded  only  a few  hybrids 
worth  keeping.  Progeny  of  two  crosses  of 
‘Abbada’  X Medjool  BC2  (two  male  lines) 
gave  distinctly  different  fruit;  female 
seedlings  of  one  line  had  small-to-medium 
sized  blackish,  dry  fruit  and  those  of  the 
second  line  had  blackish,  large  fruit  as 
soft  as  that  of  Medjool. 

Many  advanced  BC  males  flowered  in 
1970  and  1971;  62  intervarietal  crosses 
were  made.  The  female  varieties  used 
were  described  briefly  by  Barrett  (3), 
Appendix  2.  From  1971  to  1974,  about 
3,000  hybrid  seedlings  were  planted,  of 
Much  more  than  1,200  female  palms 
should  become  available  for  evaluation. 
Detailed  genetic  studies  cannot  be  made 
on  the  large  number  of  small  populations, 
but  fruit  and  growth  characters  observed 
in  these  progeny  should  help  in  planning 
future  breeding  work. 

Progeny  of  the  1970  crosses  have  pro- 
gressed well.  In  1975,  1 59  females,  or  37% 
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of  the  total  population,  fruited  and  many 
plants  will  be  evaluated  for  the  second 
time.  Large  numbers  of  unsatisfactory 
females  were  removed  in  1974. 

Among  1971  progeny  field-planted  in 
1972,  nearly  400  female  palms  fruited  in 
1975;  these  represent  25%  of  the  total 
progeny  and  are  hypothetically  equiva- 
lent to  about  50%  of  the  females. 

The  parentage  and  data  on  flowering 
and  fruiting  in  1975  of  progeny  of  36 
crosses  made  in  1971  are  given  in  Table  3. 
The  crosses  are  arranged  by  female  parent 
and  in  descending  order  of  flowering. 
Among  a total  of  1,183  seedlings,  311 
females  and  502  males  flowered;  the 
overall  percentage  of  flowering  (69%) 
represents  good  performance  for  plants 
less  than  4 years  old  from  seed.  The 
limited  data  suggest  that  ‘Empress’ 
Khadrawy,  and  ‘Thoory’  as  female 
parents,  and  Khadrawy  BC3,  ‘Tadala’ 
BQ,  and  Thoory  BC3  as  male  parents, 
may  induce  early  flowering  in  a high 
proportion  of  the  crosses  in  which  they 
occur. 

FUTURE  PLAN 

The  plan  at  Indio  is  to:  (a)  advance 
promising  BC  male  lines  to  the  fifth 
generation,  (b)  make  intervarietal  hy- 
brids, (c)  test  promising  hybrid  female 
progeny  as  potential  new  varieties,  (d) 
select  and  test  males  with  valuable 
metaxenic  characters,  (e)  make  sibling 
and  line  crosses  among  BC  lines,  (f)  make 
exploratory  interspecific  hybrids. 

SEED  AND  PLANT  COLLECTIONS 

Date  seed  may  be  held  in  common 
storage  at  moderate  temperatures  for  at 
least  5 or  6 years  with  almost  no  loss  in 
germinability;  longer  storage  results  in  a 
gradual  loss  of  vitality  (43).  This  enables 
the  breeder  to  make  crosses  during  a 
favorable  season  and  store  seed  until  it 
can  be  used.  We  accumulate  and  store 
seed  of  desired  crosses  and  varieties  so 
that  we  can  plant  new  material  as  land 
becomes  available  and  also  distribute 
seed  to  cooperators. 

California  enjoys  a unique  advantage 
in  that  the  most  damaging  pests  and 
diseases  of  the  date  palm  are  absent. 
Offshoots,  seed,  and  pollen  may  be 
distributed  to  most  countries  without 
the  hazard  of  introducing  a serious  pest. 
Consequently,  Indio  is  a good  place  for  a 


date  palm  germplasm  repository.  The 
Station  collection  consists  of  (a)  30 
named  varieties  (another  10  or  more 
foreign  and  local  varieties  are  available 
from  growers),  (b)  BC  males,  the  numbers 
of  which  will  be  expanded  as  more 
advanced  BC  generations  are  produced, 
(c)  current  plantings  of  intervarietal 
crosses  that  provide  female  selections  for 
evaluation  and  direct  use,  or  for  further 
breeding;  and  (d)  male  palms  with  valu- 
able metaxenic  characters. 
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Table  1.  Species  of  Phoenix  recognized  by  several 

investigators, 

with  year  of  publication 

and  the  literature  citation 

Martius  Beccari 

Miller 

Chevalier 

Mowry 

Moore 

Munier 

Species 

et.  al 

1836- 

1890 

1930 

1932, 

1952 

1963 

1973, 

1850 

1952 

1974 

' 

(30) 

(6) 

(32) 

(10,  11) 

(35) 

(33) 

(36,  37) 

abyssinica  Drude 

+ 

acaulis  Buch.  — Ham.  ex  Roxb.* 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

atalantica  A.  Chev. 

+ 

+ 

canariensis  Hort.  ex  Chab.* 

+ 

+ 

+ 

+ 

+ 

+ 

dactylifera  L.* 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

farinifera  Roxb. 

+ 

+ 

+ 

+ 

+ 

hanceana  Naudin 

+ 

+ 

humilis  Royle 

+ 

+ 

+ 

+ 

+ 

loureirii  Kunth 

+ 

+ 

+ 

ouseleyana  Griff. 

+ 

paludosa  Roxb.* 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

pumila  Hort. 

+ 

pUsilla  J.  Gaertn. 

+ 

+ 

+ 

+ 

+ 

reclinata  Jacq.* 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

roebelenii  O'Brien 

+ 

+ 

+ 

+ 

rupicola  T.  Anderson* 
spinosa  F.C.  Schum 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

sylvestris  (L.)  Roxb.* 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

zeylanica  Trimen 

+ 

+ 

Species  recognized  by  Beccari  and  subsequent  investigators  listed. 
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Table  2.  Variety,  line  number  and  backcross  generation  of 
male  palms  at  the  U.S.  Date  and  Citrus  Station,  Indio, 
California,  1975 


Variety 

Line 

No. 

Backcross 

generation 

Amir  Hajj 

3 

3 

Amir  Hajj 

48 

1 

Barhee 

5 

3 

Barhee 

6 

4 

Barhee 

49 

3 

Dayri 

7 

3 

Deglet  Beida 

9 

1 

Deglet  Noor 

10 

5 

Empress 

— 

1 

Halawy 

13 

3 

Halawy 

14 

4 

Khadrawy 

20 

4 

Khadrawy 

21 

4 

Khalasa 

22 

2 

Medjool 

30 

4 

Medjool 

31 

5 

Medjool 

32 

3 

Medjool 

33 

3 

Tadala 

40 

1 

Tazizoot 

41 

1 

Thoory 

42 

4 

Zahidi 

43 

2 

Table  3.  Flowering  and  fruiting  in  1975  of  progeny  of  36  date 
crosses  planted  in  1972a 


Date  palm  seedlings 

Cross 

Total 

Flowering 

Fruiting 

(no.) 

(%) 

(%) 

Female  X Backcrossed  (BC)  Male 

Badrayah  X Deglet  Noor  BC4 

30 

73 

30 

Dayri  X Thoory  BC^ 

36 

86 

11 

X Tadala  BC^ 

36 

69 

28 

X Deglet  Noor  BC4 

36 

53 

8 

X Khadrawy  BC3 

36 

50 

11 

X Medjool  BC3 

32 

41 

3 

Deglet  Beida  X Dayri  BC2 

35 

71 

20 

X Deglet  Noor  BC4 

34 

62 

24 

X Medjool  BC3 

34 

44 

24 

Deglet  Noor  X Khadrawy  BC3 

32 

78 

31 

X Tadala  BC^ 
X Thoory  BC3 

34 

62 

21 

35 

54 

9 

X Dayri  BC2 

32 

28 

9 

Deglet  Noor  BCo  X Khadrawy  BCo  35 

94 

43 

X Tadala  BC^ 
X DN  BC4 

34 

82 

44 

27 

78 

22 

X Dayri  BC2 

36 

47 

25 

Empress  X Khadrawy  BC3 

27 

96 

44 

X Tadala  BC^ 
X Dayri  BC2 

34 

91 

13 

31 

84 

35 

X Deglet  Noor  BC4 

36 

67 

22 

X Medjool  BC3 

30 

63 

27 

Khadrawy  X Thoory  BCg 

32 

84 

31 

X Dayri  BC2 

25 

76 

44 

X Tadala  BC^ 

32 

72 

25 

Kush  Zebda  X Thoory  BC3 

31 

90 

23 

X Tadala  BC^ 
X Dayri  BC2 

31 

77 

39 

28 

57 

11 

Medjool  X Thoory  BC3 

35 

83 

34 

X Tadala  BC-j 
X Dayri  BC2 

35 

74 

31 

34 

24 

9 

Thoory  X Khadrawy  BC3 

33 

91 

39 

X Medjool  BCg 

35 

77 

31 

X Deglet  Noor  BC4 

33 

73 

45 

X Tadala  BC-, 
X Halawy  BCg 

34 

70 

35 

33 

61 

15 

a Seed  was  planted  in  a glasshouse  in  December  1971.  Seedlings 
were  transplanted  to  field  plots  June  1972. 

L 

D Male  and  female. 


- 31  - 


Appendix  1.  Ratings  of  date  seedling  progenies  for  resemblance  to  the  female  parent,  (See  footnote).  Reproduced  from 
Nixon  and  Furr  (1965)  with  the  authors'  permission 


Rating 

Female 

parent 

Line  (L)  or 
accession 
number 

Generation 

Number 

of 

seedlings 

2.7 

Barhee 

55-102 

BC  1 

23 

2.7 

Barhee 

55-103 

BC  1 

24 

2.4 

Medjool 

L-31 

BC  2 

39 

2.4 

Menakher 

L-34 

BC  1 

22 

2.3 

Thoory 

L-42 

BC  2 

40 

2.3 

Medjool 

L-30 

BC  2 

27 

2.2 

Medjool 

L-33 

BC  1 

26 

2.2 

Medjool 

58-380 

BC  1 

23 

2.2 

Dayri 

L-7 

BC  1 

39 

2.1 

Khadrawy 

L-20 

BC  2 

22 

2.1 

Amir  Hajj 

58-381 

FI 

30 

2.1 

Ammary 

58-382 

BC  1 

18 

2.0 

Barhee 

L-6 

BC  2 

23 

2.0 

Kustawy 

L-27 

BC  1 

42 

2.0 

Hayany 

LI  5 

BC  1 

26 

1.9 

Zahidi 

L-44 

BC  1 

29 

1.9 

Deglet  Noor 

L-1 1 

BC  3 

37 

1.9 

Halawy 

L-14 

BC  1 

39 

1.8 

Rhars 

L-36 

BC  1 

24 

1.8 

Khir 

L-23 

BC  1 

24 

1.8 

Khalasa 

59-234 

FI 

25 

1.8 

Koroch 

L-24 

BC  1 

13 

1.7 

Amir  Hajj 

L-3 

BC  1 

27 

1.5 

Saidy 

L-46 

BC  2 

19 

1.1 

Khadrawy 

L-21 

BC  2 

24 

"All  palms  that  were  large  enough  were  rated  for  overall  resemblance  of  vegetative  characters  to  the  female  parent 
according  to  the  following:  little  or  no  resemblance  — 1,  moderate  resemblance  — 2,  strong  resemblance  — 3.  The  sum  of 
the  ratings  of  all  the  progeny  of  a given  lot  or  line  divided  by  the  total  number  of  individuals  provided  an  average  rating  for 

that  group  of  palms Of  25  lots  representing  18  varieties,  average  variety  resemblance  ratings  ranged  from  2.7  to  1.1 

and  15  were  2.0  or  above,  indicating  definite  resemblance  to  the  female  parent." 
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Appendix  2. 

Source  of  some  desirable  characters  used  in  the  date-breeding  program.  Reproduced  from  Barrett  (1973), 
with  the  author's  permission 

Variety 

Desirable  Characters 

Abbada 

Attractiveness,  glossy  black  fruit  with  frost-like  bloom,  midseason  maturity. 

Amir  Hajj 

High  quality,  little  spoilage  of  fruit  in  wet  weather. 

Barhee 

High  quality,  heavy  yield,  late  maturity,  low  tannin  in  khalal  stage. 

Bedraya 

Large  fruit,  firm  texture,  midseason  maturity. 

Dayri 

High  quality,  distinctive  rich  flavor,  moisture  tolerance,  good  size,  semidry  texture. 

Deglet  Beida 

Light-colored  fruit,  smooth  skin,  very  firm  texture,  early  maturity. 

Deglet  Noor 

Superior  quality,  distinctive  rich  flavor,  semidry  texture,  long  fruitstalks. 

Empress 

High  quality,  attractiveness,  good  size,  distinctive  rich  flavor. 

Halawy 

High  quality,  distinctive  rich  flavor,  moisture  tolerance,  early  maturity. 

Horra 

Good  size,  very  firm  texture,  long  fruitstalks,  midseason  maturity. 

Khadrawy 

High  quality,  dwarf  stature,  moisture  tolerance,  precocious  flowering,  sparse  spines,  early  maturity. 

Kush  Zebda 

Superior  fruit  quality,  distinctive  rich  flavor,  long  fruitstalks. 

Medjool 

Large  fruit,  moisture  tolerance,  early  maturity,  good  quality. 

Tadala 

Large  fruit,  moderate  moisture  tolerance,  attractiveness,  early  maturity. 

Thoory 

Light-colored  fruit,  moderately  large  fruit,  very  firm,  moisture  tolerance,  late  maturity. 
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